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ABSTRACT 

This correspondence course^ originally developed for 
the Marine Corps^ is designed to provide mechanics with an 
understanding of the operation, maintenance, and troubleshooting of 
automotive power trains and certain auxiliary equipment. The course 
contains six study units covering basic power trains; clutch 
principles and operations; conventional transmissions; transfer 
assemblies; universal joints, propeller shafts and other joints; and 
final drives, differential assemblies, and axle assemblies. Each 
study unit begins with a general objective^ which is a statement of 
what the student should learn from the study unit. The study units 
are divided into numbered work units ^ each presenting one or more 
specific objectives, and illustrated unit texts. At the end of the 
unit text are study questions with answers. A review lesson completes 
the course. (KC) 
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1. PURPOSE 

This publicatioi has been prq)axed by the Nariite Corps Institute for 
use with Md oourae. Automotive Fewer Trains. 

2. APPLICRBILm 

This manual is £or instructional purposes only. 



H. M. MCILROY, JT/ / 
Major, U. S. Marine wp 
Acting Deputy Dii»ctor 
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MCI-R241-NRL 

INFORMATION 



FOR 



MCI STUDENTS 

Welcome to the Marine Corps Institute training program. Your Interest In 
self-Improvement tind Increased professional competence Is coiranendable. 

Information Is provided below to assist you In completing the course. 
Please read this guidance before proceeding with your studies. 

1. MATERIALS 

Check your course materials. You should have all tne materials listed In 
the "Course Introduction.*' In addition you should have an envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet is of the self-mailing type. If your answer sheet is the pre-prlnted 
type, check to see that your name, rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy in the above Information may cause your subsequent activity to go 
unrecorded. You may correct the information directly on the answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). 

2. LESSON SUBMISSION 

The self-graded exercises contained in your course are not to be returned 
to MCI. Only the completed review lesson answer sheet should be mailed to 
MCI. The answer sheet is to be completed and mailed only after you have 
finished all of the study units in the course booklet. The review lesson has 
been designed to prepare you for the final examination. 

It is Important that you provide the required Information at the bottom of 
your review lesson answer sheet if it does not have your name and address 
printed on it. In courses in which the work is submitted on blank paper or 
printed forms. Identify each sheet in the following manner: 

DOE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 
Review Lesson 

Military or office address 
(RUC number, if available] 

Submit your review lesson on the answer sheet and/or forms provided. 
Complete all blocks and follow the directions on the answer sheet for 
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to 
Interrupt your studies for any reason and find that you cannot complete your 
course In one year, you rray request a single six month extension by contacting 
your training NCO, at least one month prior to your course completion deadline 
date. If you are not attached to a Marine Corps unit you may make this 
request by letter. Your commanding officer is notified monthly of your svatus 
through the monthly Unit Activity Report. In the event of difficulty, contact 
your training NCO or MCI Immediately. 
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^, MAIL-TIME DELAY 



Presented below are the mail-time delays that you may experience between 
the mailing of your review lesson and iti return to you. 



EAST COAST 
WEST COAST 
FPO NEW YORK 
FPO SAN FRANCISCO 



TURNAROUND 
MAIL TIME 

Tr- 
ie 

18 
22 



MCI PROCESSING 
TIME 
5 
5 
5 
5 



You may also experience a short delay in receiving your 
due to administrative screening required at MCI. 



TOTAL NUMBER 

DAYS 
21 

21 

23 

27 

final examination 



4. GRADING SYSTEM 
LESSONS 



EXAMS 



GRADE 


PERCENT 


MEANING 


GRADE 


PERCENT 


A 


94-100 


EXCELLENT 


A 


94-100 


B 


86-93 


ABOVE AVERAGE 


B 


86-93 


C 


78-85 


AVERAGE 


C 


78-85 


0 


70-77 


BELOW AVERAGE 


D 


65-77 


NL 


BELOW 70 


FAILING 


F 


BELOW 65 



You will receive a percentage grade for your review lesson and for the 
final examination. A review lesson which receives a score below 70 is given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained on the final exam is your course 
grade» unless you fail your first exam. Those who fail their first exam will 
be sent an alternate exam in which the highest grade possible is 65%. Failure 
of the alternate will result in failure of the course. 

5. FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON» your examination 
will be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NCO. 

OTHER PERSONNEL: Your examination may be administered and supf>r vised by 
your supervisor. 



6. COMPLETION CERTIFICATE 

The completion certificate will be mailed to your 
your official records will be updated automatically, 
completion certificate is mailed to your supervisor. 
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commandirg officer and 
For non Marine?, yo'.ir 



7. RESERVE RETIREMENT CREDITS 



Reserve retirement credits are awarded to Inactive duty personnel only. 
Credits awarded for each course are listed in the "Course Introduction." 
Credits are only awarded upon successful completion of the course. Reserve 
retirement credits are not awarded for MCI study performed during drill 
periods If credits are also awarded for drill attendance. 



8. DISENROLLMENT 



Only your commanding officer can request your dlsenroUment from an MCI 
course. However, an automatic dlsenroUment occurs If the course is not 
completed (including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCD (adjusted courve completion deadline) date. 
This action will adversely affect the unit's com^Metlon race. 



9. ASSISTANCE 



Consult your training NCO If you have questions concerning course 
content. Should he/she be unable to assist you, MCI Is ready to help you 
whenever you need It. Please use the Student Course Content Assistance 
Request Form (ISD-1) attached to the end of your course booklet or call one of 
the AUTOVON telephone ninnbers listed below for the appropriate course writer 
section. 



PERSONNEL/ADMINISTRATION 288-3259 
COMMUNICATIONS/ELECTRONICS/AVIATION 

NBC/INTELLIGENCE 288-3604 

INFANTRY 288-36U 

ENGINEER/MOTOR TRANSPORT 288-2275 

SUPPLY/FOOD SERVICES/FISCAL 288-2285 
TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR 
LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/ 

ASSAULT AMPHIBIAN VEHICLES 288-2290 

For administrative problems use the UAR or call the MCI HOTLINE: 288-4175< 



For commercial phone lines, use area code 202 and prefix 433 Instead of 

288. 



AUTOMOTIVE POWER TRAINS 



course Introrluctlon 

ThU manual han heen Dreoare^l Drlmarlly for Marines In OF 35. It covers material 
hasic to unrlf»rntanrl1na the operation, malnten^ncet and troubleshooting of automotive power 
trains anrl certain auxlllarv eoulpment. The Principles of automotive power trains as 
explainer! in this manual, however* will prove beneficial to anvone Interested In automotive 
mechanics, reoardless of MOS. As an Incentive for sturlv* the user of this manual Is reminded 
that "He who knows How will always find work but he will always work for the man who knows 
Mb v ." 

4irT0M0TIVE POWER TRAINS Is designed to provide you with the basic knowledge of the 
construction, operation, diagnosis* maintenance* and repair of vehicle power train. 

ADMINISTRATIVE INFORMATION 



ORDER OF STUDIES 

Studv Unit Studv 

Number Hours Sub.lect Matter 

I % Introduction to basic Power trains 

7 % Clutch Principles and elements, clutch operation, 

types of clutches* and servicing and adjustments 

3 S r^ventlonal transmissions, tvpes of transmission 

gears* bearings and lubricants, power takeoff units* 
and servicing and repairs 

4 % Transfer assemblies, spring units, and servicing and 

adjustments 

^ % Universal Joints* propeller shafts, slip joints, and 

servicing and repairs 
% Final drives* differential assemblies* axle assemblies 

7 REVIEW LESSON 

3 FINAL EXAMINATION 



RESERVE RETIREMENT 
CREDITS: 

EXAMINATION: 



MATERIALS: 



RETURN OF MATERIALS: 



Supervised final examination without textbook or notes; 
time limit, i hours. 

MCI 35. 9f* Automotive Power Trains . 
Review lesson mo answer sheet. 

Students who successfully complete this course are permitted to keep 
the course materials. 

Students disenrolled for Inactivity or at the reguest of their 
commanding officer will return all course materials. 



SOURCE MATERIALS 

TM g-AOno Principles of Automotive Vehicles, Jan 

TM 0-?3?0-?lNtO Operator's manual, truck S ton fixfi, Apr 1Q73 

TM o.?3?n.?ll»?0 Organizational maintenance, truck 5 ton 6x6* Mar 1<)63 

TM Q*^1?n-?11*^ Field and depot maintenance, truck, chassle S ton 6x6, SePt 1964 

TM o.^l?n-?11-Sd Direct and general support maintenance* truck utility 1/4 ton 4xd 

M151, Jan 1Q72 



:RLC 
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HOW TO TAKE THIS COURSE 

This course contains six study units. Esch study unit beqins with a qeneral objective 
which Is a statement of what you should learn front that study unit. The study units are 
divided Into nunbered work units, each presenting one or more specific objectives. Read the 
obJect1ve{s) and then the work unit text. At the end of the work unit text are study 
questions which you should be able to answer without referring to the text of the work unit. 
After answerinq the questions, check your answers aqalnst the correct ones listed at the end 
of the stuoy unit. If you miss any of the questions, you should restudy the text of the work 
unit until you understand the correct response. When you have mastered one study unit, move 
on to the next. After you have completed a11 study units, complete the review lesson and take 
It to vour training officer or NCO for mailing to MCI. MCI will nail the final examination to 
your training officer or ItCO when you pass the review lesson. 
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MMtllE CORPS INSnniTE 



Welcome to the Mai*<ne Corps 
Institute corre&poitdence training pro- 
f^ram. Hy enrolling in this course, you 
liftvo sho^it a desire to improve the 
skilld you nocd Cor effective Job ptxfor* 
mancr, and MCI has provided materials 
to help you (kchiovo your f(nal. Now dU 
you nef*d is to develop your own method 
fttr using these materials to bedt advan* 

Tfie roUuuing guidelines present 
a four^-imr t approach to compltMing your 
MCI couf***»' su<c<***s fully; 

1, MaKi* a. 'Vi^connaisaance** <if 
yuur* jTi<«ttTials; 

2, f*lnn your study lime and cfioost* 
a g()i)d study en\lrnunu*Mt 

•i^ Study thof uughly and sysieni*' 
atically 

4^ Pivpare ftu- iho final f\anu 

I. MAKi: A HIXOWAISSAXCi: * Ol- 
vol H XLXTKHIALS 

Hrgin wiJh <! UjtiU Ht Uk' course 
intro(li)ctn*n pn^*t\ Rcarl the (■()t"R5\i; 
INTHOOl c riON Ui u*^t ih** "Ing pictur**" 
of the course, Tiuu ro^d the \I.\TI:R1 ALS 
iit*r:ti<iii u**^ir th\* b(*n*Hn liu* pi*(i** Tn 
Tin 1 i>u( \* fiicf) trsKs) unri sludy huU vnu 
rthoulfi tiO\i^ r■ret*i^ c^l uilh thr enurse. 
If any (if ihr ii^iied matrrial^^ nrr mi:is- 
iug, si'(^ liijfu HKitlnri fur \U 1 Siudf^rits 
til fimi (uit ha\^ tn iit't ih**riK If yn\i [la^ 
**\'rr ythifltf thut is listc^d, y<Mi i^V*' rf;ifiy 
tf > *'reL(^ruLnlt**r * vnur \]('\ i (jiu si*. 




Ke,<rj UjfiMJi'h Tlif iHible(s) of ( i^ri** 
fcnt<; u! vo^r* H'\ms), \cH(* ttv \;iriuiis 
rtitljU'f Ts I c»\'rr»'H in tfie f;Mut*sr and fhr 
firdi ( 111 •\\nt U Mit V are tiniv**^ 



s 

T 
U 
D 
Y 

G 
U 
I 

D 
E 



(rations. Read a few work unit ques** 
tions to get an Idea of the types that are 
asked. If MC*,I pro\ddef other sUidy 
aids, sueh as a slide rule or a plotting 
board, faniiliartjte" yourself with them, 
Nov , get down to specifics! 

II. l^l,A\ VOI R STl'OY TIME AND 

CH(X)Si: A G(X)l) STI DY ENVIRON- 
MENT 

From looking orcr the course 
materials, you sliould have some idea 
of how much study you will need tn eom** 
pl*Me this courst*. But *'some Idea" fs 
not enough. You need to ^ork up a 
personal study [ilau; the fnllouing stt'ps 
iihould give you some help. 



^) Get a calendar and mat 
of tfie week uh(*n ynu havt* 



mat*K tha«e 
days tfie week wh(*n ynu havt* time 
free far study, Two study pt*riods per 
woek^ each lasting t to -* liniirs, are 
Rtrggested for completing the nnulmuni 
two study units required each monih hy 
MC'l, Of eours**, work and ather 
scheilnles ai*o not the same for everyone. 
The lm|Hiriaul ihiug that you sehedide 
a regular time for ^tudy (tn iho same 
davsi uf each ut^ek. 




^ Ui*ad the tuurjie jrHr«idui:tM»n 
[>ujii^ -if^airu I tn* srctinn mark^'d OHIH'^U 
(X M t IJIKS iiOls yoti the nuniher of 
Htinl>- uniis in the cour so and the a|ipi f<\*' 
iMKUr* ruunliet^ )f snKl> hours y<»u w ill 
rM*eil to Loinpl**t*^ i^Rch Study unit* '!]>!fj 
inesr iitjjdy hoyrs^intn vcinr jKju^hjje^ 
I'fU- esAinplc. if y<uj sn*t aside t\io 2 hoiJr 
Hfufly p^M'MnJs each \\f*rk nnd iheOHIHCK 
of STI l>li:s e^iinuues :* «tjdy hours for 
\0UT- lh>fl ftiudy unit, .\ on coidd easily 
rtchedute find comjileto jUv first study 
unit in nnr sttirjy period. On your caleti- 
dar vtiii would niark *'Study Unit 1*^ on the 
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appropriate day* Suppose that the 
second study unit or your course re* 
quires i study hours* In that case, you 
ivould divide the study unit In half aitd 
work on each half during a separate 
study period. You would mark your 
calendar accordingly. Indicate on your 
calendar exactly when yuu plan to work 
oil each study unit Tor the entire course. 
Do not rorget to schedule one or iwo 
study periods to prepat^e for %M rinal 

(c) Stick to your schedule. 

Besides planning your study 
time, you should also choose a study 
cnvironmenl that Is right tor you, Most 
peoplr rieed a quiet place for study, like 
a library or a reading lounge; other 
people study better w here there Is back* 
ground muSic: still others prefer to study 
out-oT-doors. You must choose yo\lr 
study environment carefully so that It 
fits your Individual needs. 

in. STt I)Y THOROI GHKY A\I> 
SYSTKMATK'AIJA' 

Armed with a ^\ot kable schedule 
and situated lit a good study eit\'ii^unnttMtt 
you are now ready to attack yoMr coMVse 
study unit by study unlt« To begin* turn 
to the first page of study unit 1« On this 
page you i^lU find the study unit obJecttve« 
a statement of what you should be able to 
do after Completing the study untt« 

IX) NOT begin by ri*adiitg the 
work unit qiu'^tiou^ und nipping tin ough 
th(' tMt for answers. If you ao so, 

ill prepart to fall, not pass> the 
fliK. *'vam. Insteail, Proceed m fob 

@ Road the ohjeclivo for ih** 
first \\ork \mU and then rt*ad the Mot U 
mill toKt cai ofnlly, Make iiott's oit 
tho [(K*as you feol are Iniportanh 

(b) Withoul referrlitg t<) th^* U^si, 
atiR\\('r til*' qupstUitis at the «*nd of 
work *»rut. 



C htak yniir au£t^\4M-H af^ainsi 
thr Lorri'cf . pi^*s lUlod ui ihr tnid of 
studv wwk. 

(\^ If you miss any of t*ii» questhins, 
rt fttiidy ih*' wovk unit tintil VmU undorstaiid 
tht- cnrr**t.t rP8ponst\ 

(*ooti to the nest work unit and re* 
p€ s!« ptt thrnugh (d) mt\\ yoti ha\ e tium- 
pletPd dll the work units in the stutiv gnlti 



Follom^ the same procedure for each 
study unit of the course. If you have 
problems with the text or work unit questions 
that you cannot solve on your owtu ask 
your section OIC or NCOIC fqr help, U 
he cannot aid you« request assistance from 
MCI on the Student Course Content Assis* 
tanc4' Request included with this course. 

When you have finished aU the study 
unlts« cotmplete the course review lesson« 
Try to answer each question without the aid ^ 
reference materials* Howeveri If you do not 
know an answer* look It up* When you have 
finished the lesson* take It to your training 
officer or NCO for maiUng to MCI* M^l 
will grade it and send you a^ftedback sheet 
listing course references for any questions 
that you miss. 



iV. PRKPARf: KOR THE KINAL ENAM 




\io\\ dn you |)repai^(* fur the final 
CNJinr' I'ollim ihi*se four rtteps: 

(a) He^ie\\ each study unit objective 
aa a »un>ntary of \^hst v^as taught In the 
CQurne, 

(t?)nrri ad all portions of the foxt 
tfmi >'f»u found pfd'tlcnlarly (tifficult. 

(^Ur.ii tt wW ihr \<Lovk unh questions, 
paying spt chiJ ;in('uinin to ihcise you missed 
the I'ivHi Mine around. 

(J^ Study the course review 
lesfion, puylnfi particular attention 
to the questions you mlsseU« 

If you follo^v theite stmpU 
stcps« you should do well on the 
final, GOOD M CKI 
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STUDY UNIT 1 



AU^TIVE POWER TRAINS 



Sjm WIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL 
IDENTIFY THE ELEMENTS OF THE POWER TRAIN SYSTEM AND THEIR FUNCTIONS, AND THE TYPES 
OF DRIVES, 



Work Unit 1-U BASIC POWER TRAINS*-UHrELED VEHiaES 



SIVEN AN ILLUSTRATION, IDENTIFY EACH ELEMENT OF THE POWER TRAIN SYSTEM, 



GIVEN A LIST Of POWER. TRAIN SYSTEM ELEMENT;> AND A LIST OF THEIR PURPOSES, MATCH 
EACH ELEMENT WITH ITS PURPOSE, 



IDENTIFY THE FOUR TYPES OF DRIVE:, 



The connon elements of the poimr transmission system assembled In typical vehicles are 
shown In flqures 1*1 and 1*2, Reading from the enqine to the wheels, the main units of the 
Dower train are described In ^ through \_ below, 

a. Cl ut ch, By means of the clutch, the operator can d1sco»mect the torque of the engine 
from the power train when startinq the engine or when running the engine while the vehicle Is 
standing motionless. The clutch Is also necessary to deliver the torque of the enqine to the 
power train gradually^ and to allow gear ratios to be ciianged to meet varying, road conditions, 

b. Transmission , An Internal combustion engine cannot develop appreciable torque at low 
speeds, and it develops maximum torque orly at one speed. The crankshaft of an engine must 
always rotate In the same direction* For these reasons, the transmission Is necessary In 
't'^tomotlve vehicles. The transmission prov1t*es the mechanical advantage that enables the 

^Ine to pmpel the vehicle under adverse conditions of load. It also provides the driver 
with a selection of vehicle speeds while the engine Is held at speeds within the effective 
torque range, and It allows disengaging and reversing the flow of p^jwer from the engine to the 
wheels, 

c. Transfer assembly . This assembly Is an auxiliary gear tr^ln on a11*whee1*dr1ve 
vehicles^! it permitsTne power to be divided and transferred to th front and rear propeller 
shafts, and to the propeller shaft on amphibious vehicles. It also provides a means of 
lowering or displacing the power train sufficiently to nermit the front propeller shaft to 
clear the crankcase of the engine, 

d. universal joints. It Is necessary to provide flexibility 1n the power train If 
springs are to be used on the vehicle. As load Is Increased or decreased, and as the vehicle 
travels over unevert surfaces, the angle between the engine crankshaft axis and a, line to the 
axle will change. This flexibility Is provided by the use of universal Joints which permit 
transfer of torque at m angle* 

e. Slip Joints , As the vehicle's load varies and as It travels over uneven terrain, the 
distance between the transmission and the differential varies. The slip joint Is Incorporated 
as a component of the pmpeller shaft to allow It to lengthen or shorten as required by this 
variation In distance, 

f. Propeller shaft . This device carries the torque from one place to another; from the 
transfer case to the differential^ for example, 

g. rinal drive . This device transmits the power flow from the propeller shaft to the 
differential and^ at the same time, provides a further gear redti'ttlon, 

h. DIfferentlaK When a vehlcl i is driven around a curve, the outer wheels travel 
faster, as well as farther ^ than the Inner wheels. The differential permits this difference 
In rotational speed of the axles, 

1, Types of drive * When a turning force^ or torque. Is exerted through the final drive 
and axle shafts to turn the driving wheels, there Is an equal and opposite torque, or 
reaction, tending to turn the axle housing In the opposite direction. The tractive effort of 
the wheels on the road, which propels the vehicle forward or backward. Is also exerted on the 
axle housinq. Some member or members must be provided, therefore, to prevent the axle ho*is1ng 
from turning, and to transmit the forward or backward thrust of the driving wheels to the 
frame of the vehicle. Four methods, and at least on^- combination of these methods, are used 
for accomplishing this result. They are radius rod drlve^ torque tube drive, torque ann 
drive, and Hotchkiss drive (fig 1*3), 




flq 1-1. Power transmission system In 4 x 4 wheeled vehicle. 




flq 1*2. Power transmission system In 6 x 6 wheeled vehicle. 



(1) In the radius rod drive, two radius rods (sometimes known as torque rods) are used 
to transmit the drivinq thrust to the frame and to maintain the allnement of the 
rear axle. The radius rods are connf^i^ted both to the rear axle and to the frame 
by ,1o1nted connections which permit 11 vertical, and sometimes lateral, movement 
of the axle hous1n9 relative to the frame. An open propeller shaft with two 
universal Joints Is usually employed with the radius rod drive. This type of 
drive Is used only to a very limited extent. 
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(?) The torque tube drive Is used or a number of passenger and light comnerclal 

vehicles. In this type drlve^ the propeller shaft Is housed In a steel tube* The 
rear end of the tube Is rigidly bolted to the rear axle housing hy a flange, and 
Its front end Is connected to the transmission or a frame cross member through a 
ba11*and*sccket loint* One universal Joint, the center of which Is placed at the 
center of t^3 ba11*and*socket Jo*nt of the torque tube. Is used In the propeller 
shaft* A slip Joint Is used In the propeller shaft since there Is some 
lengthening and shortening of the shaft as the rear ^ile moves up and down* A 
center bearing for the propeller shaft Is generally put In the torque tube* Two 
radius rods connect the ends of the ai1e housing wfth the forward end of the 
torque tube and maintain the aile housing alined at right angles to the torque 
tube* The springs are shackled et both ends* With this type drive, both the 
torque reaction and the driving thrusts are taken by the torque tube* Since the 
springs are relieved from both torque reaction and driving thrust, they can be 
made flexible, which Is thought to Impart better riding qualltes to the v^lcle 
than other t^vpes of drive* When the torque tube drive Is employed, the driving 
pressure Is applied toward the forward end of the frame, either through the engine 
mountings or a frame cross member; whereas, In the torque rod and the Hotchkiss 
drives. It Is applied at the rear of the frame. Snuie designers prefer one and 
some the other* Both are satisfactory* 




Fig 1*3* Types of drive wd live ai1e suspensions* 



(3) The se1dom*used torque arm drive Is very similar to the torque tube drive, the 
principal difference being that It employs an open propeller shaft parallel to a 
torque ann Instead of a housed propeller shaft within a torque tube* 

(4) The Hotchkiss drive Is used for a large proportion of the passenger cars and most 
of the heavier trucks* In this type drive, an open propeller shaft with two 
universal Joints and a slip Joint Is used* The t^qutr reaction, driving thrust, 
and allnement of the aile housings are all taken care of by the springs* The 
springs are pivoted on the brackets riveted to the v^lcle frame at their forward 
ends and shackled to the fram at their rear ends* The rear spring brackets are 
the point of aM>11cat1on of the driving thrust to the frame* Bec9use the springs 
must take the torque reaction, stiffer springs are required than for the torque 
tube drive* Because they must take the driving thrust, they must be fairly 
straight or flat* Some designers think these considerations make for Inferior 
riding qualities, but Hotchkiss drives are used very extensively with complete 
sat1sfact1>n* An advantage of the Hotchkiss drive Is that the flexible connection 
between a^tle and frame throws less strain on the driving mechanism than do other 
types* When sudden loads are applied, as In letting the clutch In suddenly or 
quickly applying the brakes, the aile housing can rock slightly, which cushions 
the shock on the parts and prevents eitremely high pressures betwe^i the gear 
teeth of the final drive mechanism* 
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EXERCISE: 



Answer the following questions and check your answers aqalnst those listed at the 
end of this study unit. Write your answers on the lines provided. 



1. Label the eight components of the power train system. 



'1! 



Clutch location 
Transmission 
Transfer assembly 

(4) Universal Joints 

(5) Slip ,1o1nts 
(61 Propeller shaft 

Final drive location 
Differential 



( 

(3) 



(8) 




2, Matching , 



Hatch the elqht elements In column 1 with their purpose In column 2. 
Write your answers on the lines provided. 



Column 1 

(1) Transfer 
iZ) Slip Joints 

(3) Final drive 

(4) Transmission 

(5) OlfferentlaT 
6) Clutch 

(7) (Jnlversals 

(8) Propeller shaft 



a. 



b. 



c, 

d. 
e. 

f. 



h. 



Coluitn 2 

It Is the means that the operator can 
disconnect the torque of the engine from 
the power train. 

It prov": les the mechanical advantage that 
enables the engine to propel the voilclet 
and provides a selection of vehicles 
speeds. 

It permits power to be divided to both 

front OTd rear propeller shafts. 

Permits transfer of torque at an angle. 

It allows the propeller shaft to lengthen 

or shorten as required. 

It carries the torque from one place to 

another. 

It transmits the power flow from the 
propeller shaft to the differential. 
It Permits difference In rotational speed 
of the axles. 



3. Identify the four types of drives. 



a. Spring drive, torque springs^ overload rods, straight rods 

h. Torque arms, torque springs, spring drive, torque rods 

c. Hotchkiss drive, torque sprlnqs, torque drive* spring drive 

d. Torque arms, torque rods, torque tube, Hotchkiss drive 
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SUHNMY REVIEW 



In this study unit vou have learned to Identify each element of the powr train system 
and Its purpose In the system* You also learned about the four types of drives used in the 
power train system* 

Answers to Study Unit II Exercises 



Work Unit 1-1. 


1, 1 


2) q. 




3) 

4 e. 




5) h. 


1 


.0) 9t 




7) d. 




[8) C, 




[1) c. 


1 


2) e. 




3) 9, 




;4) b. 




5) h. 




6) a. 




'7) d. 




[8) f. 


3, d. 
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STUDY UNIT 2 



CLUTCHES 



STUDY UNIT DBJECTIVE: UPUN SUCCESSFUL COHPLETIDN OF THIS STUDY UNIT YDU WILL 
IDENTIFY THE CLUTCH PRINCIPLES, CLUTCH ELEMENTS, CLUTCH DPERATIDN, TYPtS DF 
CLUTCHES, AS HELL AS SERVICING AND ADJUSTMENTS OF THE CLUTCH, 



Section K CLUTCH PRINCIPLES AND ELEMENTS 



Work Unit 2-1* CLUTCH PRINCIPLE 



IDtNTiFY THE CLUTCH PRINCIPLE* 



A dutch In an automotive vehicle connects and disconnects the engine to the pomr 
transmission system. Since the Internal combustion engine does not develop a high starting 
torque, It must be disconnected from the power train and allowed to operate without load until 
It develops enough torque to overcome the Inertia of the vehicle whm starting up* 
Application of the engine power to the load must be gradual to provide smooth engagement and 
to lessen the shock on the driving parts* After engagement, the dutch t^ust transmit a11 the 
engine power to the transmission without slipping* Further, It Is desirable to disconnect the 
engine from the power train during the time the gears In the transmission are being shifted 
from one gear ratio to another* 

Power Is transmitted through the dutch by bringing cne or more rotating drive 
members, secured to the craikshaft. Into gradual contact with one or more driven members 
secured to the unit being driven* These members can be stationary or can rotate at different 
speeds* Contact Is established and maintained by strong spring pressure controlled by the 
driver through the dutch pedal and suitable linkage* As spring pressure Increases, the 
friction Increases; therefore, when the pressure Is light, the comparatively small amount of 
friction between the two members permits a great deal of slippage* As the spring pressure 
Increases, less slippage occurs untr, when the fu11 spring pressure Is applied, the speed of 
the driving and driven members Is the same* A11 slipping has stopped and there Is, In effect, 
a direct connection between the driving and driven parts* 

EXERCISE: Answer the following question and check your response against the one listed at 
the end of this study unit* 

U What Is the dutch principle? 



a* The ability of a clutch to stop and stall the engine from the power 

transmission system 
b* The ability of a dutch to slip and hold the engine from the power 

transmission system 

c* The ability of a dutch to a>nnect and disconnect the engine from the power 

transmission system 
d* The ability of a dutch to halt and stop the engine from the power 

transmission system 



Clutch eTcffients * Ihe principal parts of a clutch are: the driving members attached 
to the engine and fuming with It; the driven members attached to the transmission and turning 
with It; the operating members which Include the spring or springs and the linkage required to 
apply and release the pressure which holds the driving and driven members In contact with 
each other* Figure 2-1 shows a dutch cut away of operating members* 



Work Unit 2-2* 



CLUICH ELEMENTS 



NAME THE THREE CLUTCH ELEMENTS* 



nmt THE CLUTCH DRIVING AND DRIVEN MEMBERS* 



NAME THE THREE CLUTCH OPERATING MEMBERS. 



ERLC 




Fig 2-U Helical pressure spring disk-type dutch* 



a< Dr1v1r>9 Meihbers . The driving members of a clutch usually consist of two cast-Iron 
plates or fiat surfaces machined and ground to a smooth finish* Cast Iron Is desirable 
because It contains enough graphite to provide some lubrication when the driving member Is 
slipping during engagement* One of these surfaces Is usually the rear face of the engine 
flywheel^ and the other Is a comparatively heavy flat ring with one side machined and 
surfaced* This part 1i *'nown as the pressure plate* It Is fitted Into a steel cover^ which 
also contains some of the operating members^ and Is bolted to the flywheel* 

b* Driven Heiifcers * 

{1) The driven menlber Is a disk with a spllned hub which Is free to slide lengthwise 
along the splines of the clutch shaft but which drives the shaft through these 
same splines* (The driven meirtber Is sometimes referred to as the clutch plate but 
In this text the word "disk" will be used to denote the driven member and thus 
differentiate between this part and the dutch pressure plate*) The dutch disk 
Is usually made of spring steel In the shape of a single flat disk of a number of 
flat segments* Suitable frictlonal facings are attached to each side of the disk 
by means of copper rivets* These facings must be heat resistant since friction 
produces heat* The most comnonly used facings are made of cotton and asbestos 
fibers woven or molded together and Impregnated with resins or similar binding 
agents* Very often^ copper wires are woven or pressed Into the material to give 
It additional strength* 

(2) In order to make dutch engagement as smooth as possible and eliminate chatter^ 
several methods have been used to give a little flexibility to the driven disk* 
One type of disk Is **d1shed/ so that the Inner and outer edges of the friction 
facing make contact with the driving n^bers firsts and the rest of the facing 
makes contact gradually as the spring pressure Increases and the disk Is flattened 
out* In another type^ the steel segnents attached to the spllned hub are slightly 
twisted^ which also causes the facings to make gradual contact as the disk 
flattens out* 

(3) The driven meiriber of the dutch (fig 2-2) Is usually provided with a flexible 
center to absorb the torsional vibration of the crankshaft which would be 
transmitted to the power train unless It were eliminated* The flexible center 
usually takes the form of steel compression springs placed between the hub and the 
steel disk* The springs permit the disk to rotate slightly with relation to Its 
hub untn^ under extreme conditions^ the springs are fully compressed and relative 
motion stops* Then the disk can rotate slightly backward as the springs 
decompress* This slight backward and forward rotation permitted by the spring 
^'*^ws the clutch shaft to rotate at a more uniform rate than the crankshaft^ 

leby eliminating some of the torsional vibration from the crankshaft and 
preventing the vibration from being carried back through the transmission* 
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Fig 2-?. Clutch driven plate with flexible center. 



c. Operating Members . The driving and driven members are held In contact by spring 
pressure. This pressure may be exerted by a single^ large coll spring as shown In figures 2*3 
and 2-4; a ni^ber of small nellcal springs located clrcumferentlally around the outer portion 
of the pressure plate as shown In figure 2*1; or a one-piece conical or diaphragm spring as 
shown In figures 2-5 and 2*6. In the hel IcaUsprIng clutches^ a system of levers pivoted on 
the cover forces the pressure plate away from the driven disk and against the pressure of the 
springs whenever the clutch release bearing moves forward against the Inner ends of the 
levers. In single-spring clutches^ the large coll spring holds the plates In contact. In 
diaphragn clutches^ the d1sh*shaped dlaphra^ performs the same function. The clutch release 
(or throw*out} bearing Is a balNthrust bearing contained In the clutch release bearing 
housing^ or collar^ mounted on a sleeve attached to the front of the transmission case. The 
release bearing (P^ figs 2-5 and 2*6) Is connected through linkage to the clutch^ and Is moved 
by the release yoke to engage the release levers and move the pressure plate to the rear^ thus 
separating the clutch driving members from the driven member when the clutch pedal Is 
depressed by the driver. 



2-3 

20 




Fig 2*3. Single, Urge coll pressure spring clutch—exploded view. 




Fig 2-4, Single, large coll pressure spring cl utch—cross- sectional view. 
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Fiq 2-5. Diaphragm spring clutch operation. 
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Pig 2-6» Diaphragm spring clutch—disassembled view. 

EXtRCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The three clutch elements are ^ ^ 

and 

2. The clutch driving members are the and 



3. The clutch driven member is the 



4. The four dutch operating members are the » » 

and . 

Section II. CLUTCH OPERATION 
Work Unit 2-3. ENGAGEMENT AND DISENGAGEMENT OF THE CLUTCH 
, DESCRIBE WHEN THE CLUTCH IS FULLY ENGAGED. 
DESCRIBE WHEN THE CLUICH IS FULLY DISENGAGED. 
Clutch operation 

The operation of the clutch ffig 2-7) is as follows; When the clutch is fully 
engaged^ the driven disk Is rirmly clamped between the flywheel and the pressure plate by the 
presstjre of t' : springs. When the driver disengages the clutch by depressing the pedal^ the 
release yoke or fork is moved on Its pivot* and pressure is apOlted to the release bearing 
sleeve^ nr collar^ containing the release bearing. The rotating race of the release bearing 
presses ^iqain^t the clutch release levers and moves them on their pivot pins. 
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The outer ends of the release levers, being fastened to the cover, move the pressure plate to 
the rear, coinpressing the clutch springs and allowing the driving members to rotate 
Independently of the driven meniber. The release yoke moves only on Its pivot which Is 
fastened to the flywheel housing by means of a bracket or a transverse shaft. All parts of 
the clutch, e)tc<*pt the release bearing and collar, rotate with the flywheel when the clutch is 
engaged. When the clutch Is disengaged, the release bearing rotates with the flywheel, but 
the driven dlsx and the clutch shaft come to rest. 

In some clutches, a dlaphra?!) U used Instead of coll springs. The diaphragn Is a 
conical piece of spring steel punched, as shown In figure 2^6, to give It greater 
flexibility. The diaphragn spring Is nearly flat when the clutch Is In the engaged position. 
The action of this type of spring Is similar to that of the bottom of an ordinary oil can (fig 
2^5). The pressure of the outer rim of the spring on the pressure plate Increases until it 
reaches the flat position and decreases as this position Is passed. The outer rim of the 
dlaphra^n Is secured to the pressure plate and Is pivoted on rings approximately one Inch In 
from the outer edge. Thus, pressure applied at the Inner section will cause the outer rim to 
move away from the flywheel and draw the pressure plate away ft'om the clutch disk, releasing 
or disengaging the clutch. When the pressure Is released from the Inner section, the oil-can 
action of the dlafhra^n causes the Inner section to move out, and the movement of the outer 
rim forces the pn;vsure plate against the clutA disk, thus engaging the clutch. 
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Fig 2-7. PUte dutch— cross-sectional view. 
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EXERriSE; Anst^er the followInQ questions ^nd check vour responses aqalnst those listed at 
the enri of this sturiv unit. 



1, When the rtrlvw disk is firmlv cl Arnold between the flywheel and the Pressure Plate 
hv nressiire of the sPrlnas* the clutch Is 

7. When Pressure Is applied on the release levers hv the throw-out hearing, the 

pressure plate from the clutch disk allowing the clutch 

disk to come to rest. 

Sectinn III. CLASSIFirATION OF CLUrrHBS 
Work Unit TYPES OF riUTCHBS 

STATE IHE mmi FOR CLASSIFVIsa rtUTOMOTIVE CLUTCKCS. 

inEHTIFV THE TVW TYPES OF riDTCH pl,ATES USED ON MEDIUM AND HEAVY WEIGHT VEHICLES. 
STATE THE TErHNIOUB FOR INCRBASIlff PRESSURE BETWEEN THE CLUTCH PLATES, 



Aiitmnotlve clutches mav he classified according to the number of Plates or disks 
u^ed. The single-plate clutch contains one driven disk operating between the flywheel and the 
pressure plate fflg ?*7>. The flywheel Is not considered to he a plate, even though It acts 
as one of the drIvInQ surfaces. A doUMe*plate clutch Is substantially the same except that 
another driven disk and w Intermediate drlvlna Plate ffig are added. A further 
:lass1f1cat1on hased on whether or not oil Is supplied to the friction surfaces provides a 
)ns1t1ve method of Identlfving the manY tvoes of clutches In use; If oil Is supplied, the 
.l(itch Is known as the wet type ; If oil Is not supplied, the clutch Is the dry t.YPe . 
Mfference In the action of the clutches Is largelv a difference In the time of operation, the 
Ime required to engage the clutch deoendlna on the number of Plates, and the condition of the 
urfaces. A slnQle Plate clutch will enaage the load and start It in motion sooner than will 
inultlp1e*d1sk clutch. A dry clutch will be quicker to act than a wet clutch In which the 
tl must he squeezed out from between the driven and driving members before enqagement Is 
xomPllshed. Plate clutches are qenerallv used on llqht and niedlum weight vehicles, and the 
iltlole*d1sk clutch on heavier vehicles In which the sudden action of the other type would 
ipose a severe shock on the engine and power train when starting a heavv Toad. 




riq ?*B. Olsk clutch with two driven d1sks**d1sassembled view. 
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Fig 2*9. MuUlple-dlsk dutch. 



A typical fnultlple^disk clutch Is shown in figure 2-9. A large number of disks are 
uspd« often <^ many as 11 driving and 10 driven disks* for heavy vehicles. The driving disks 
have lugs similar to gear teeth around their outside edges. These mesh with Internal splines 
in the clutch case* which Is bolted to and rotates with the flywheel. The driven dlskj; are 
carried on parallel pins which are solidly set In the clut,^ spider. This construction 
permits Tnovemeni of all the disks and the pressure plate In order to provide clearance between 
th^. When the clutch is engaged* the s, .*1ng moves the pressure plate forward^ holding all 
the disks firmly together, ihls causes the clutch spider to revolve and turn the clutch shaft 
to which It Is keyed. In mul t1p1e*d Isk clutches* the facings are usually attached to the 
driving disks. This reduces the weight of the driven disks and* consequently* thel-^ tendency 
to continue spinning after the clutch Is released. Because of the considerable number of 
disks involved* the pressure plate has to rncve farther to separate the disks completely than 
it does in clutches having fewer driving and driven members. There 1s* therefore* «ess 
mechanical advantage on the clutch pedal* thus requiring greater foot pressure to depress it. 

In a wet-type clutch* the disks Jind the entire Internal assembly run In an oil bath. 
Thp operation of this type of clutch Is <;1m11ar to that of the dry type* except that the 
friction surfaces are made of different naterlals and the gradual engagement between the 
drtvirq and driven members Is partially (effected by pressing the oil from bet*veen the disks. 
As ttw oil is eliminated* the friction Increases. 
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Many passenger car dutches are of the semlcentrlfugal type* shown In figure 2-^10^ In 
which the pressure between the plates Is Increased as the speed of the dutch Increases, This 
Is accomplished by rnean^ of centrifugal weights built Into the outer ends of the release 
levers so that the out^ar4 pu11 of centrifugal force Is transformed Into pressure on the 
Plate, This rtinittructlon permits the use of relatively llgfic clutch springs^ thus 
tadUtatlng ihe depression of tte clutch pedal for gear shifting. 



auncM 

SMING 





Fig 2-10. Semlcentrlfugal dutch—cross-^sectlonal view. 

EXLRCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1, Automotive dutches are classified according to the number of 



or used. 



?. Which plate Is used on light to medium weight vehicles? 

a. Triple plate c. Single plate 

b. Double plate d. Rough plate 

3. Which plate Is used on heavy weight vehicles? 

a. Heavy plate c. Light plate 

b. Single plate d. Multiple plate 

4. There are two further classifications cf clutches which Include^ 

and 



5. An increase of pressure between the plates Is accomplished by means of 



ERIC 



27 



Section IV* MAINTENANCE OF CLUTCHES 



Work Unit 2-5* SERVICING ANO ADJUSTMENT 

IDENTIFY THE LIMITATIONS FOR ADJUSTING THE CLUTCH* 

The servicing and adjustment of clutches w111 pertain to the M151 series vehicle^ and 
win be limited to second echelon maintenance* Information can be found In the TM 
9-2320-218-20^ mviual* 

Starting with table 2-2^ (preventive maintenance checks and services^ page 2-6^ 
se<)uence number I7**c1utch). determine If action of the pedal return spring Is satisfactory* 
Note If the clutch disengages completely or If It has a tendency to drag* Note If the clutch 
engages smoothly or if it chatters^ grabs or slips* With the transmission In neutral « depress 
the dutch and listen for an unusuat noise which may Indicate a defective release bearing* 
Check the dutch pedal free travel* 

Table 2-3^ Troubleshooting^ will further aid In the servicing and adjustment process^ 
(page 2-12 of the manual)* 

Clutch 



MALFUNCTION 
Clutch chatter* 



Clutch grabbing^ 



Clutch slipping* 



Clutch dragging* 



Gear clash* 
Note: 



PROBABLE CAUSE 

a* Grease on clutch driven dlsk^ 
f1>whee1« or pressure plate* 

b* Binding of clutch release 
linkage* 

c* Disk facings loose on disk* 

d* Broken pressure plate* 

e* Loose engine mounts* 

a* Grease m dlsk^ flywheel or 

pressure plate* 
h* Clutch disk or pressure plate 

broken* 

c* Hub of disk not sliding freely 

on spllned shaft* 
d* Release linkage binding* 

^* Lack of pedal free play* 

b* Release linkage binding, 
c* Pressure plate spring weak 

or broken* 
d* Disk facing worn* 
e* Pressure plate warped* 
f* Oil on disk facing* 

a* Excessive pedal fr<*(* play* 



b* 



Clutch disk bent or dUhed* 
Clutch disk facings loose or 
broken* 

Friction In crankshaft pilot 
bushings* 



CORRECTIVE ACTION 

a* Notify support maintenance* 

b* Clean or fv^ee linkage* 

c* Notify support maintenance* 

d* Notify support maintenance* 

e* Tighten* 

a* Notify support maintenance* 

b* Notify support maintenance* 

c* Notify support maintenance* 

d* Clean and free linkage* 

a* Adjust pedal free play 

(para 2-41)* 

b* Clean and free linkage* 

c* Notify support maintenance* 

d* Notify support maintenance* 

e* Notify support maintenance* 

f * Notify support maintenance* 

a* Adjust pedal free play 

(para 2^41)* 

b* Notify support maintenance* 

c* Notify support maintenance* 

d* Notify support maintenance* 



Gear clash caused by the clutch disk spinning^ Is frequetitly confused with 
clutch dragging* A clutch disk which releases perfectly will naturally spin 
under Its own weight and momentum Immediately after boing released^ If 
transmission gears are In neutral position* When shifting from neutral to 
first speedy or to reverse^ wait for clutch to stop turning to avoid gear 
clash* If symptom Is definitely gear c1ash« troubleshoot transmission and 
transfer* 



Fig 2-11* Table 2-2 from TN 9-2320-218-20^ manual* 
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Clutch llnkaqe adjustment. If linkage adjustment Is required, U will be done as 

fol lows: 



Clutch pedal free travel of 1 1/8 to 1 1/2 
\uch9% must be maintained* Free travel Is the 
distance hetween the dutch pedal released position 
and the point when the dutch starts to disengage. If 
free travel Is not maintained, sUppaqe occurs 
between the dutch facings and causes the faclnqs to 
become worn. 

Adjtistment 

Remove dutch return spring located on left side 
of G.^lne (flq 2-12). 

Slip rod out of clutch release equalizer 
shaft lever and rotate the rod until the pedal free 
travel Is obtained (flq ?-13). 

Depress clutch pedal and check for pedal 
free travel of 1 1/8 Inches to 1 1/2 Inches (fig 2-13), 





Fiq 2-12. Clutch adjustjnent. 



Fig 2-13. Clutch pedal free travel 



FXFRCISF: Answer the following questions and check your responses aqalnst those listed at 
the end of this *;tudy unit. 

1. The servicinq t^nd adjustments of the clutch Is limited to 

a. replacempTt of dutch linkage. 

clutch pedal free travel adjustment. 

c. clutch bearlnq adjustjnent. 

d. clutch disk free travel adjustment. 

SUMMARY REVIEW 

rn rhU <;tudy unit yoti lefirned the dutch principles^ the clutch elements^ clutch 
npPtMi ion^ \ ypo% of clutches^ find the servicing and adjustments of the dutch. Nf*xt you will 
I'Mrn M^yut the vehicle transmission* 



An<;wf*rs to Study Unit Exercises 
Work Unit ^-U 
1. r. 
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Work unit 2-2. 



1. drWIng mmbers, driven manbers« and operating members 

2. flywhof^l, pressure plate 

3. clutch disc 

4. pressure plate, springs, levers, and throw out bearing 

Work unit 2-3. 

1 . engaged 
2« disengages 

Work unit 2-4. 

1. plates, disks 

2. c. 

3. d. 

4. wet, dry 

5. centrifugal weights 

Work unit 2-5. 
1. b. 
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STUDY UHIT 3 

CONVENTlOttAL TRANSMISSIONS 

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPirTION OF THIS STUDY UNIT* YOU WILL 
IDENTIFY THE FUNCTION AND TYPES DF TRANSMISSIONS; CONSTANT MESH AND SYNCHRQMESH 
TRANSMISSIONS* GEARS* TORQUE RATIOS AND BEARINGS. IN ADDITION* YOU WILL IDENTIFY 
THE DEFINITION OF THE TERM "POWER TAKEOFF,* 

Section K MANUAL SHIFT TRANSMISSIONS 

4ork Unit 3-U FUNCTION AND TYPES 

IDENTIFY iHE THREE TYPES DF TRANSMISSIONS, 

NAME THE TWO TYPES OF SLIDING GEAR TltANSMlSSIONS. 



The purMse of the transmission Is to provide the operator with a selection of gear 
ratios between engine and wheels so that the vehicle can operate at peak efficiency under a 
variety of driving conditions and loads. 

Basic twe$ . There art* three basic t)pes: the sliding gear* the planetary* and the 
friction-disk, me friction-disk Is no longer used. The planetary* as such* Is no longer 
used although It Is Incorporated In automatic transnlsslons using fluid couplings or torque 
converters* as well as In overdrives and In some dual-ratio rear axles. The slldlng-gear type 
Is now known as the convantlonal transmission. There are two types of slldlng-gear 
transmissions. One Is the progressive* In which the arrangement Is such that It Is necessary 
to pass from one gear to another In definite order. Thus* In a three-speed progressive 
transmission* It is Impossible to shift from "low" to "high** without going through **second.'* 
The use of this system Is limited almost antlrely to motorcycles. The other slldlng-gear Is 
known as selective. In this systan the operator can select any ratio without going through 
Intermediate stages. 

Special typ es. In modern passenger cars* the disadvantages of slldlng-gear types are 
overcome by use of constant-mesh transmissions. These eliminate the noise and clashing ccnnon 
to spur-gear trains. 

Synchromesh transmissions are a type of constant-mesh. 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. 



1. Select the three types of transmissions. 

a. Dottle sprage* friction disc* single sprage 

b. Friction slip* planetary* sliding 

c. Sliding plate* friction disc* single sprage 

d. Sliding gear* planetary* friction disc 

2. The two comrn t>pes of sliding gear transmissions are the and 



3. The two special tjpes of transmissions are and 

Work Unit 3-2. CONSTANT-MESH AND SYNCHROMESH TRANSMISSIONS 

NAME THE GEARS USED ON THE SlIDING-GEAR TRANSMISSION. 

STATE WHAT IS USED TO PREVENT GEAR CLASHING. 

DESCRIBE THE COMPOSITION DF THE TRANSMISSION CASE. 

STATE THE LOCATION OF THE GEARSHIFT HOUSING ON THE NISI SERIES VEHICLE. 
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Purpose* Slldlng-gear transmissions use stub-tooth gears for easy engagement; 
consequently, the transmission Is usually noisy v^hen operating In the Intermediate speeds. In 
recent yeairs, the conventional slldlng-gear transmission has been superseded, particularly on 
passenger vehicles, by systems In which the gears are always In mesh with their mates, and 
selection Is made by sliding other components Into and out of connection. Two of the most 
common of these systems are the constant-mesh and the synchromesh, which has an additional 
feature to prevent dashing of gears. 

Description , The conventional, four-speed, constant-mesh type transmission (as used 
In the msi series) provides synchrosllent action In secofMl, third, aitd fourth speeds. All 
gears are helical except first and reverse. The transmission case Is made of cast Iron. The 
gearshift housing assembly Is attached to the top of the transmission. A standard conmerclal 
gearshift pattern is used plus the addition of the fourth forward speed. Gears within the 
transmission are shifted by the gearshift lever which extends from the gearshift housing Into 
the driver's compartment. The gearshift lever and housing «re sealed by a rubber boot to 
prevent water from entering the transmission. A pressure type breather valve Is located at 
the base of the gearshift housing. A finer plug Is provided on the left side of the 
transmission cast! for fining both the transmission and transfer case. Separate drain plugs 
are located at the bottom of each case. The transfer case Is a one-piece cast Iron case 
housing, doweled and attached to the rear face of the transmission case. Transfer gears are 
directly on the vertical centerllne of the vehicle. The transfer Input gear, transfer 
Intermediate gear, and transfer output gear are of the constant-mesh helical type. The 
transmission case and transfer case are machined In matched sets. The speedometer drive gear 
and the parking brake drun are mounted behind the transfer Input gear and are secured to the 
output shaft. The rear end of the transmission output shaft Is supported by a roller bearing 
mounted In the transfer case. A double-lip type oil seal prevents oil leakage past the hub of 
the parking brake drum. 

EXERCISE: Answer the following questions and check your answers against those listed at the 
end of this study unit. 



1. The type of gears used on the slldlng-gear transmission are the 
gears. 



2. The use of helps prevent gear clashing. 

3. The transmission case is made of . 

4. The gearshift housing on the HISI series vehicle Is located of the 

transmission. 



Work Unit 3-3. CONSTANT-MESH TRANSMISSION 



STATE WHAT A CONSTANT-MESH GEAR CANNOT 00. 

NAME THE GEARS GENERAUY USED IN THE CONSTANT-NESH TRANSMISSION. 



In this type of transmission (fig 3-1) certain of the countershaft gears are 
constantly In mesh with gears on the main shaft. The constant'^esh gears on the main shaft 
are fixed so they cannot move endwise, but they are supported on roller bearings so they can 
rotate Independently of the main shaft, for exmnple, the main shaft assembly of the 
transmission i^hown In figure 3-1 Is Illustrated In figure 3-2 In disassembled view. Note that 
the main shaft third-speed gear (D, fig 3-2) Is supported on the shaft by bearing rollers (E, 
fig 3-2). Note also that this gear has Internal teeth that match external teeth on the main 
shaft th1rd-«td-fourth -speed clutch gear (A, fig 3-2). Usually, helical gears are used In 
this type transmission. 

The transmission shown In figure 3-1 has four forward speeds. When a shift Is made to 
third, the third-and fourth-speed shifter fork moves the clutch gear (A, fig 3-2) toward the 
third-speed gear (D, fig 3-2). The external teeth of the clutch gear are thus meshed with the 
Interna! teeth In the third-speed gear. Since the third-speed gear is rotating (It is being 
meshed with a rotating countershaft gear), the clutch gear must now also ttfm. The clutch 
gear is spllned to the main shaft (J, fig 3-2), so the main shaft also must rotate as the 
clutch gear Is turned. 
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fig 3-1. ConstaittHiiesh transmission tssenbly— cross sectional view. 




Fig 3-2. Nain shaft assembly—disassembled view. 



When a shift Is made to fourth, or direct speed, the clutch gear Is moved toward the 
driving gear on the Input shaft. External teeth on the clutch gear mesh with Internal teeth 
In the driving gear so the clutch gear Is driven at the same speed as the driving gear. Since 
the clutch gear Is spllned to the main shaft, the main shaft Is also driven at this speed. 
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Constant^mesh gears are seldom used for all speeds* CoiMon practice Is to use such 
gears for the higher gears, with sliding gears for first and reverse speed, or for reverse 
only* 

EXERCISE: Answer the following questions md check your answers against those listed at the 
end of this study unit* 

1* The constant mesh-gear H one that CAHNOT 

2. The type of gears that are usually used in the constant-mesh transmission are 
gears* 



Work Unit 3*4* SYNCHRONESH TRANSMISSIONS 

STATE TW PURPOSE OF A SYNCHRONESH UtANSHISSION* 



The synchromesh transmission Is a type of constant-mesh transmission that permits 
gears to be selected without clashing, by synchronizing the speeds of mating parts before they 
engage* It employs a combination metal *toHneta1 friction cone clutch and a dog or gear 
positive clutch to engage the main drive gear and second-speed main ^aft gear with the 
transmission main shaft* The friction cone clutch engages first, bringing the driving and 
driven members to the same speed, after which the dog clutch engages easily without clashing* 
This process Is accomplished In one continuous operation when the driver declutches and moves 
the control lever In the usual manner* The construction of synchromesh transmissions varies 
somewhat with different manufacturers, but the principle Is the same In all* 

The construction of a popular synchromesh clutch Is shown In figure 3-3* The driving 
member consists of a sliding gear spllned to the transmission main shaft with bronze Internal 
cones on each side* It Is surrounded by a sliding sleeve having Internal teeth that are 
meshed with the external teeth of the sliding gear* The sliding sleeve Is grooved around the 
outside to receive the shift fork* Six spring-loaded balls In radially drilled holes In the 
gear fit Into an Internal groove In the sliding sleeve and prevent It from moving endwise 
relative to the gear until the latter has reached the end of Its travel* The driven menders 
are the main drive gear and second-speed main shaft gear, each of which has external cones and 
external teeth machined on Its sides to engage the Internal cones of the sliding gear and the 
internal teeth of the sliding sleeve* The synchromesh clutch Is shorn disengaged In figure 
3-3 and engaged In figure 3-4* 

The synchromesh clutch operates as follows: When the transmission control lever Is 
moved by the driver to the third-speed or direct-drive position, the shift fork moves the 
sliding gear and sliding sleeve forward as a unit until the Internal cone on the sliding gear 
engages the external cone on the main drive gear* This action brings the two gears to the 
same speed and stops endwise travel of the sliding gear* The sliding sleeve then slides over 
the balls and silently engages the external teeth on the main drive gear, locking the main 
drive gear and transmission main shaft together as shown In figure 3-4* When the transmission 
control lever Is shifted to the second-speed position, the sliding gear and sleeve move 
mr\$^6 and the same action takes place, locking the transmission main shaft to the 
second-speed main shaft gear* The synchromesh clutch Is not applied to first speed or to 
reverse* First speed Is engaged by m ordinary dog clutch irfien constant mesh Is employed, or 
by a sliding gear; rever'^e Ts always engaged by means of a sliding gear* Figure 3-5 sho^t « 
synchromesh transmission In cross section which uses constant-mesh helical gears for the three 
forward speeds and a sliding spur gear for reverse* 
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Flq 3*3. Synchromesh clutch—dlsenqaged. Fig 3-4. Synchromesh clutch^engaged. 



Some transmissions are controlled by a steering colunn control lever (fig 3-6). The 
positions for the various speeds are the same as those for the vertical control lever except 
that the lever is horizontal. The shifter forks are pivoted on bellcranks which are turned by 
a steering column control lever through the linkage shown. The poppets shown In figure 3-5 
engage notches at the Inner end of each bellcrank. Other types of synchromesh transmissions 
controlled by steering column levers have shifter shafts and forks moved by a linkage similar 
to those used with a vertical control lever. 




Fig 3-S. Synchromesh transm1';s1on arranged for steering column control. 




Fiq 3-6* Steering column transmission control lever and Unkaqe* 



T^ransmts<>1ons In heavv^dutv trucks are equipped with synchromesh gears* Therefore^ 
douhl(»»clutchinq Is no lonqcr necessary to ensure enqaqement of gears without clashing* 

EXERCISE; Answer the following question and check your answer against the one listed at the 
end of the study unit* 

1, The svnchromesh transmission is designed to 



Work Unit 3-5*^ SPUR GEARS 

GIVEN A DRIVEN GEAR AND A DRIVING GCAR HAVING THE SAME DIAMETER AND NUMBER OF 
TEETH, NAME THflR GEAR RATIOS* 

DESCRIBE THE MEANING OF THE WORD "FULCRUM**, WHICH IS OFTEN USED TO DISCUSS 
"PRINCIPLES OF LEVERAGE **• 

DESCRIBE THE RES^T OF A SMALL GEAR DRIVING A LARGE GCAR* 

General * Since gears Play an important part in power trains^ let us discuss qear 
principles as well as various tvpes of gears used in power trains* Gears are used to transmit 
rotarv motion from one shaft to another* Sometimes the sha^^ts are parallel to each other, at 
other times they are at an angle* The gearing is selected to fit the application and provide 
the desired drive ratio (ratio of revolutions per minute, rpm) between the driving and driven 
shafts * 



Gear ratio * Two meshing spur gears are shown In flqure 3*7* Both gears have the same 
nunber of teeth and are of the same diameter* Thus» both turn at the sme sPeed* The gear 
rat^o is therefore 1:1* Figure 3-8 shows two meshinq spur gears^ one with 12 teeth and the 
other with 24 teeth* The smaller qear will revolve twice as fast as the larger gear* The 
gear ratio between the two» when the smaller gear drives^ is 24;12» or 2:1* Thus, the gear 
ratio between two meshing gears is the relative speed, or rpm, that they turn* 



Section II* TYPES OF TRANSMISSION GEARS 



Spur gears 
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Wechanlcal adyantage . The use of a lever to move heavy objects Is well known* When a 
box Is too heavy to be nfied by hand« a croirt»ar or lever can be used to lift as shown In 
figure 3«9< With the lever placed as shown^ only half as much force Is required on thi lever 
to raise the hox< Suppose that a lifting force of 200 pounds Is required to raise the end of 
the box* With the lever arranged as shown^ only a lOO^pound downward push Is needed on the 
lever. The farther out on the lever the hand Is put (away from the pivoting point, or 
fulcrum), the less downward push Is required. But also, the farther the hand must nwve to 
raise the box. The mechanical advantage of the lever Is the ratio between the two distances 
from the fulcrin. In the example shown, the mechanical advantage Is 2:1, 




Fig 3-7, Meshing gears with 1:1 gear ratio. Fig 3-8, Meshing gears with 2:1 gear ratio. 




Fig 3^, Illustrating mechanical advantage of gearing. 



Mechanical advantage In gears, A rough comparison between mechanical advantage In 
levers and mechanical advantage in gears can be made. Such a comparison Is shown at the 
bottom of figure 3-9, One end of the lever moves twice as far as the other. When two gears 
are meshed and one gear has twice as many teeth as the other, the smaller gear will rotate 
twice for each revolution of the larger gear. In other words, the mechanical advantage 
bi!tv«en the two gears would be 1:2 when the larger gear drives the smaller gear. If the 
Sf^ialler gear drove the larger gear, the mechanical advantage would be 2:1 since the smaller 
gear would have to exert half the force for twice the distance. 
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Torque ratios In qc^rs * Torque Is defined as a tw1st1nq« or turninq effort* When one 
qear drives tm other, it turns the other by the application of torque* The torque ratio 
hetween two mshInQ qears varies with the mechanical advantaqe, that Is, with the qear ratio 
nf the Hrlvinq tn the driven qear* When a small qear drives a larqer qear, for example, the 
<;peed U rpduted but the torque delivered hythe larqer qear In Increased* Thus, when a 
1?-tonth qear drives a ?d-tooth qear, torque Is doubled; that Is, the torque of the Urqe qear 
Is twice that of the small qear. On the other band, when the larqer qear drives the smaller 
qear, the toroue Is reduced while the speed Is Increased* To start an automotive vehicle 
movinq, a qreat deal of tractive effort or torque must be applied to the drivinq wheels or 
drive <;Prockets* This may he accomplished by usInQ a series of qears, or a qear train, which 
Q*^at1v reduces the speed and therebv qreat ly increases the toroue between the enqine and 
drIvInQ wheel or tProcket. A common arranaement In Passenqer cars perml^.s a qear reduction. 
In firnt for 1ow^ aear, of 1?:1 between the enalne and rear wheels* This means the enqine 
crankshaft must turn 1? times to turn the rear wheels once* This speed reduction results In a 
torque increase* Iqnorinq friction, the torque Increase would he twelvefold* That Is, If the 
tnrQue at the crankshaft were 100 pound^feet, then the torque at the rear axles would he 1,200 
Pound*feet* In 1arqe trucks and heavv military vehicles the torque Increase (or torque 
multiplication) mav be much qreater than 1?:1* 

EXERCISE: Answer the foVtowInQ questions and check your responses aqalnst those listed at 
the end of this study unit* 

K When a drivinq qear and a driven qear are of the same diameter and both have the 
same number of teeth, they Provide a qear ratio of 



?* The word **fu1crum,** often used to discuss **pr1nclp1es of leveraqe,^ means 



When a small qear drives a larqer qear the speed Is 
hut the torQUe Is 



Work l»n1t TYPES OF GEARS 

NAME THE VEHICLE UNIT THAT CONTAINS WORM GEARING* 

Numerous tyoes of qearinq are used In automotive applications* In addition to the 
very common sPur qears shown In flqures 3*7 and 3-8, several other types are shown In flqure 
t-lO* Bevel qears are used to chanqe directions In the power train* The two shafts are 
usually at rlqht anqles to each other, hut not necessarily so* VIorm qearinq Is net r^ten used 
In rower trains, hut a modified work qear Is used In many steerinq systems; the worm qeai Is 
assembled on the lower end of the steerinq column* The internal qear has qear teeth facinq In 
toward Its center rather than out* It Is used with a qear In which the teeth face out* 

EXERCISE: Answer the fo11ow1nq question and check your response aqalnst the one listed at 
the end of this study unit* 

U The vehicle unit that Is most likely to contain mrm qearinq Is the 



W^k unit S-7* PLANETARY GEAR SYSTEMS 

STATE THE RECURRING RESULT WHEN THE PLANET PINION CASE IS HELD AND THE SUN GEAR IS 
TURNEO IN A PLANETARY GEAR SYSTEM* 

* 

The Planetary qear system (fiQ Vll) consists of three rotatinq members: the Internal 
oear for rinq qear^, the sun qear, and the Planet pinion set, conslstinq qf the Ptanet Pinions 
and the planet^plnlon carrier, or caqe* The reason the system Is called a Planetary qear 
<;vstem Is that the Planet qears rotate and at the same time revolve around the sun qear, ,1ust 
a<; the Planets In nur solar system rotate and also revolve around the sun* In the Planetary 
qear <;vstem the planet qears are assembled on shafts In a planet carrier or caqe* 
Arranqements can he made to out power into anv of the three rotatinq menrt>ers and, at the same 
time, hold other members so that the qear ratio throuqh the system can be increased or 
decreased* In addition, by the proper arranqement of turninq and holdinq, the system can 
reverse rotation* 
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Fiq VIO. Various types of qearlnq. Flq Planetary qear system. 

The chart in fiqure shows the six conditions that can resuU In the planetary 
qear system from tumlnq ot- hoTdInq the various members. For example, the column under 
Condition 1 shows that holdinq the sun qear while turninq the Pinion caqe causes the Internal 
QMr to turn faster than the pinion caqe. When the pinion caqe Is turned, the pinions must 
walk ai^ound the sun qear because they are meshed with the sun qear. The pinions are also 
meshed with the Internal qear and «s they walk around the sun qear. and also rotate on their 
shafts, they force the Internal qear to rotate. The rotation mlqht be said to come from two 
sources, the rotation of the pinions on their shafts and the rotary motion of tne pinions as 
they are carried around by the pinion caqe. 

The other conditions listed In the chart fflq are not all used In automotive 

power trains, hut they should he studied for a full understandinq if the action of the 
Planetarv qear system. If the sun qear Is held and the Internal qear turned, then the plmon 
caqe will turn, but more slowlv than the Internal qear. If the sun qear Is turned and the 
Internal qear held, the pinion caqe will turn more slowly than the sun qear. On the other 
hand. If the Internal qear is turned and the pinion caqe held, the sun qear will turn faster 
than the Internal Qear. hut In a reverse direction . The fifth condition results if the 
Internal qear is held and the Pinion caqe is turned; chls causes the sun qear to turn faster 
than the pinion caqe. The sixth condition Is a common one since, by Its use. reyerse and qear 
reduction can be accomplished at the same time. The sun qear Is turned while the pinion caqe 
Is held. This causes the Internal qear to turn more slowly than the sun qear and In a reverse 
direction. 
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Flq 3-12. Chart relatinq various actions In planetary systems. 

EXERCISE; Answer the fnllowinq question and check vour response aqalnst the one listed at 
the end of this study unit. 

1« In a planetarv qear sV$teffl« ^n the planet pinion caqe Is held and the <%un qear 
Is turned« the result 
Is 
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Section IIK BEARINGS AND LUBRICANT 



Work Unit BEARINGS 

tTATE THE PURPOSE Of THE BEARINGS IN AUTOMOTIVE POWER TRAINS* 

IDENTIFY THE THREE GENERAL TYPES OF BALL BEARINGS* 

STATE THE PURPOSE OF SINGLE^ROW RADIAL BAU BEARINGS* 

Gengral * Essentially^ a bearing Is a support for a load* In automotive applications^ 
bearings support Mving parts^ most of which are rotating parts* Not only do the bearings 
provide support^ but they also serve to reduce the friction between the moving parts* 

Sliding surface bearings * 

These Include bearings for rotating parts and for parts that merely slide over each 
other without tumln^"* Most of the bearings of th^ mechanisms described In this section are 
for rotating parts* However^ two eiamples of bearings for parts that do not rotate relative 
to each other are the shifter shafts In transmissions^ which merely slide endwise In holes In 
the case^ and the slip Joint of propeller shaftfi* 

The simplest type of sliding surface b<»ar1ng applied to a rotating part Is one In 
which «n Mcurately finished shafts or JotimaU rotates In an accurately finished hole without 
any bushing^ the two being separated by an o11 film* Such bearings may be used for 
differential pinions; the holes aere In the rotating pinions which turn on the stationary 
differential spider or cross pin* Such bearings are usually known as plain bearings and are 
used only for low speeds or light duty or both* 

Pr(Aab1y the next sivnplest plain bearing^ also of the s1 1d1ng*surf ace type^ Is the 
bushing that Is replaceable when worn* A bushing Is usually of bronze or similar relatively 
soft material and Is pressed Into a hole and reamed to flt^ forming a lining In which a 
Journal rotates* Plain bushings are suitable for radial loads only* Bronze bushings were 
formerly used to a considerable eitent In automotive power transmission systems but have been 
almost entirely superseded by tfitlfrlctlon bearings (ba1U roller^ or needle bearings)* 
Bronze bushings are used extensively for piston pin bushings In Internal combustion engines* 

Ball and roller bearings 

General * Ba11 and roller bearings are used throughout automotive power transmission 
systems* The usual locations of antifriction bearings In a truck chassis an# shown In figure 
3-13* They are commonly known as antifriction bearings^ since friction In them Is largely 
eliminated because they depend upon rolling contact rather than sliding contacts* Ordinarily^ 
a ball or roller bearing does not fall suddenly^ but gives warning by a gradual decrease In 
smoothness of running; whereas^ the plain bearing is subject to an accelerated type of failure 
which often results In seliure^ making It necessary to take the machine out of operation for 
Immediate repairs* 
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rig 3<13. Locations of antifriction bearings In a truck power train. 

Types 0^ ball bearings . A ball bearing consists essentially of a grooved* Inner race 
and outer race with a number of balls spaced by a suitable cage or retainer between them. 
They are made with either a single or double row of balls. Ball bearings for various purposes 
differ considerably In the details of their construction but are of three general 
types— radlil, thrust , and angul ar . These terms are descriptive of the direction at which the 
load Is applied to the bearing and the angle of contact between the balls and races designed 
to resist that load. A single-row radial ball bearing Is thwn In figure 3-14. This bearing 
halt radial contact between balls and r«ces« and Is designed primarily to resist radial loads 
but also provides for lengthwise stability where mo^lerate lengthwise displacement Is 
permissible. It Is suitable for usual coirtklned radial and thrust loads ftnd for high speeds. 
The doub1e<row radial ball bearing shown In figure 3*15 Is suitable for heav.v« coRrt)1ned radial 
and thrust loads* medium sreed« and close control of endwise movement under reversing thrust. 
Slngle-roto* angular-contact hall hearings, such as those shown In figure 3-16« have 
substantial thrust capacity and provide rigid lengthwise support In one direction only. Also 
available doub1e<row« angular-contact bearings which have high combined load capacity 
together witn rigid lengthwise support In both directions. Thrust bearings of the so-called 
flat type« such as those shown In figure 3-17« have a contact angle of 90^, or a load line 
between bf>^1 and race that Is parallel with the axis of the shaft. The small-bore race Is 
secured to the shaft and the large bore race Is supported by the housing. Thrust In one 
direction presses the races and balls together; thrust In the other direction separates them. 
Therefore* this type Is essentially a one-direction thrust bearing. Thrust In i>oth directions 
necessitates the use of duplicate units or a bearing of the double-direction thrust type. 
Such bearings are suitable for limited speeds ant! minl'num lengthwise displacement. 
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Fig 3-14. Slngle-row radial ball bearing. 



Fig 3*15. Double-row radial ball bearing. 




Flq 3-16. Single-row angular-contact Fig 3-17. Flat-type thrust ball bearing, 
ball bearing. 



Types of roller bearlnss 

As In the case of ball bearlnqs, the details o^ construction of roller bearings vary 
considerably for different applications. Like ball bearings* they are designed for radial* 
thrust* and combined loads. Roller bearings* which have greater contact area than ball 
bearings^ are used for heavy-duty applications. 

Cylindrical* or straight* roller bearings are bearings In which the outer races^ 
rollers* and Inner races are all cylindrical. Rollers are usually solid as shown In figure 
3-18* and the rollers are guided by flanges on one or both races. If both races are flanged* 
the bearing has sone ability to resist end thrust; otherwise It Is qood for radial loads 
only. One manufacturer uses rollers form««d by helically winding strips of alloy steel Into 
hollow cylinders which are then heat-treated and ground to size. This construction Imparts 
some flexibility to the rollers and enables them to adjust themselves to small Inaccuracies. 
Rollers wound right and left hand are assembled alternately In the bearing and held In proper 
allnement by a cage retainer. These bearings are made with solid Inner and outer races* with 
solid outer race «mI no Inner race* and tflth a split outer race and no Inner race. Needle 
bearings (or qu ill bearings* as they are sometimes called) are cylindrical roller bearings In 
which the diameter of the roller Is not over one-eighth the roller length. Separate uuter and 
Inner races may be tised* or the Inner race may be the shaft and the outer *ace integral with 
the housing. No spacing cage Is ordinarily 'ned; the rollers are merely constrained against 
endwise movement. Needle bearings are suitable for radial loads only. These bearings are 
used where a high load-carrying capacity Is required In a small space. Needle bearings are 
used In many universal Joints. 
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F^lg 3-18. Cylindrical roller bearing with Fig 3-19. Tapered roller bearing, showing 

Solid rollers. principle of bearing at bott(Nn. 



Tapered roller bearings, such as are showi In figure 3-lg are used extensively In 
automotive power transmission systems, especially for the more heavily loaded rotating 
members. The rolling members and raceways of the tapered roller bearings are constructed on 
the elements of a cone, so that lines that coincide with the contacting surfaces of rollers 
and races all meet at a common point on the axis of the bearing as shown at the bottom of 
flqure 3-19. True rolling contact is thus obtained. The essential parts are an Inner race or 
cone, an outer race or cup, tapered rollers, and a cage or roller retainer. These bearings 
are suitable for heavy duty, anri can withstand rarllal loarls and tbrust loads In one direction 
or a combination of both. Such bearlnqs are also available with double and quadruple rows of 
tAppr(>d rollers. Flat thrust bearings having tapered rollers, suitable for thrust loads only, 
are also available. 

fXEi^CISE: Answer the following questions «nd check vour responses against those listed at 
the end of this study unit. 

1. The purpose of bearings In automotive power trains Is to 



2. What are tbe three general types of ball bearings? 

a. Radial, thrust, angular 

b. Radial, angular, roller 

c. Sleeve, angular, sliding 

d. Radial, sleeve, angular 

3. The purpose of single-row radial ball bearings Is to provide resistance to 

loads. 



Work Unit 3-9. LUBRICATION 

STATE THE PURPOSE IN SELECTING THE PROPER GRADE OF LUBRICANT FOR BEARINGS IN AN 
AUTOMOTIVE POWER TRANSMISSION UNIT. 

A basic requirement of ball and roller bearing lubrication Is to protect tbe highly 
finished surfaces from corrosion. The supporting surfaces of the cage, or retainer, 
essentially are plain bearings and require an oil film. A small quantity of oil or grease 
will lubricate a bearing If It is evenly distributed. An excess quantity of lubricant Is 
(tndeslreable because It will cause the bearing to heat and will aggravate leakage from the 
bearing housing. Operating temperature Is the controlling factor In selecting the proper 
grade of lubricant. Load, speed, and weather conditions directly affect this temperature, as 
does the particular type of bearing and the shaft enclosures. 
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The antifriction bearings In automotive power transmission systems are not lubricated 
tfs separate units but as parts of assemblies such as clutches^ transmissions^ universal 
joints^ transfer cases^ rear axles^ etc. If these assemblies are lubricated In accordance 
with the ^p«ic1f Iratlons as set forth In the applicable technical memual^ and with the 
lubricant prescribed for each^ the bearing requirements will be satisfied. 

EXERCISE; AnMer th^ following question and check your response against the one listed at 
the end 9f thlt study unit. 

1. TIte cmtrollinq factor in selecting the proper grade of li^lcant for ball 

bearings in the automotive power transmission unit 1$ the 

of the unit. 



Section IV. TRANSMISSION COMPONENTS 

Work Unit 3-10. GENERAL 

STATE THE FUNCTION OF THE TRANSMISSION CASE. 

STATE THE PURPOSE OF THE CONTROL COVER. 

Conventional transmissions have certain fundamental components. These are the case^ 
which houses the gears and shafts; the control cover^ which houses the shifter mechanism; and 
the various shafts «md gears. Three-speed selective transmissions have three shafts. They 
arp. )n the order of the flow of power, the Input shafts the countershaft, and the main 
shaft. The function of the three shafts^ together with the gears which connect them. Is 
discussed in detail In the following woric units. 

EXERCISE; Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The function of the transmission case Is to the gears 

and shafts. 

?. The purpose of the control cover Is to house the 



Work Untt 3-11. INTERNAL TARTS 

STATE WHAT IS ROTATING WITH THE MAIN DRiVE GEAR AND INPUT SHAFT. 
STATE WHAT IS IN CONSTANT MESH WITH THE MAIN DRIVE GEAR. 

GIVEN A TRANSMISSION MAIN SHAFT BEARING. HELD IN LINE WITH THE INPUT SHAFT BY A 
PILOT BEARING AT ITS FRONT END, STATE THE ALLOWABLE ACTION, 
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The Parts are shown In ffqure .t-!>0 In their correct relative positions hut 
f)i*;a^sefnMe^ In the ca«. The nftias and funcMons of the parts follow. 




* * 




Fig 3-20» Principal gear qrouPs of a three-sPeed selective system. 



Shafts. The Input shaft has an Integral main drive gear and rotates with the clutch 
driven plate or disks; that Is, the shaft rotates all the time the clutch Is engaged and the 
engine Is running. The main drive gear Is In constant mesh with the countershaft drive gear* 
Since all the gears In the countershaft cluster are either made Integral or keyed on^ tht^y 
also rotate at the time the clutch Is engaged. The transmission main shaft Is held In line 
with the Input shaft by a Pilot bearing at Its front end, which allows It to rotate or come to 
rest Independentlv of the Input shaft. 

Gears* The transmission second-^and-^thlrd and f1rst*and-^reverse speed main shaft gears 
have grooved huh extensions Into which the shift forks are fitted that slide them back and 
forth on the main shaft splines. Thus* the second-«nd-th1rd sPeed main shaft gear can be 
shifted rearward to mesh with the countershaft second^sPeed gear. The secondhand third speed 
main shaft gear also has Internal teeth which mesh with the external teeth on the rear of the 
main drive gear when the gear Is shifted forward Into the direct-drive position. The 
f Irstrand-reverse speed main shaft gear can be shifted forward to mesh with the countershaft 
first-speed gear or rearward to mesh with the reverse Idler gear. The countershaft reverse 
gear Is usually In constant mesh with the, reverse Idler gear* In some transmissions* the 
reverse Idler gear Is shifted to mesh with the countershaft reverse gear at the same time that 
the first-anrl-reverse speed main shaft gear Is shifted to mesh with the reverse Mler gear. 

Other Parts . The main shaft, countershaft, and Input shafts, with their respective 
gears, are mounted on antifriction bearings in the transmission case. Shift rails and forks 
are provided to move the gears when the control lever is moved by the driver to change 
speeds. The countershaft Is generally Placed below the main shaft. This Permits a deep, 
narrow case, which retains a considerable guantlty of oil without danger of leakage, since the 
oil level Is maintained helow the oil seals where the Input shaft enters the case and the main 
shaft leaves It. 
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Transmission positions 



HoiJtral* In figure 3-?l the gears are shwn In the neutral position* The input shaft 
dr1v*>s tJift"'coirntershdft through the main drive gear and countershaft drive gear* None of the 
countershaft gears are In nesh with the main shaft sliding gears^ honever, so the main shaft 
Is not driven* When the gears are In this position^ there Is no connection between the engine 
and the driving wheels, so the vehicle remains stationary while the engine Is running* In the 
transmission shoiwi In figure 3*?1 the gear ratio between the main drive gear and the 
countershaft drive gear Is M)0Ut 1*R:1* Therefore, the countershaft rotates at approximately 
0*7 times the speed of the Input shaft or crankshaft* The path of transmitted power Is shown 
by the arr»/s* 

First spee ri* When the gears are In first-speed position, the first-and-reverse speed 
main shaft gear }$ shifted forward to mesh with and be driven by the countershaft first-speed 
gear* The countershaft rotates at about 0*7 crankshaft speed* There Is a further speed 
re<ftJCt1on beti^een the countershaft first-speed gear (driving) and the f rst-and-reverse main 
shaft qear (driven) of about 1*5* Therefore, the crankshaft rotates 1*5 x 1*5, or 2*2R times 
for each turn of the propeller shaft* thus Increasing the torque on the output shaft by 2*25:1* 




Fig 3*21* Transmission gears In neutral position* 



Second speed * The second^speed position Is shown In figure 3-?2* In passing from 
first speed to second speed, both sliding gears have been shifted rearvMird; the 
f1rst-^d*reverse speed main shaft gear has been shifteu out of engagement Into the 
neutral position and the second*and-th1rd speed main shaft gear has been shifted Into 
mesh with the countershaft second*speed gear* The Input shaft* through its Integral 
main drive gear. Is now driving the countershaft through the countershaft drive gear 
fas Is the case In all speeds), and the countershaft Is driving the main shaft through 
the countershaft second*speed gear and the $econd*and* third speed main shaft gear as 
shown b^ the arrows (fig 3-22)* Since the countershaft second-speed gear and the 
second-and-third speed main shaft gear are the same size, their gear ratio Is 1:1* 
ThU means that the main shaft rotates at the same speed as the countershaft; that Is, 
the engine cranksnaft makes about 1*5 revolutions to one revolution of the propeller 
shaft* 
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Fig 3»22* Transmission gears in seconrl^speed position. 



Th ird speeri . The third-speeri^ or direct*driv*i# position of the gears is shown in 
ffqijre ^•?3. In passing from second speed to third 'ipe**d* thp second»and-third speed 
m*iifi shaft gear has h^m shifted forward* causinq tSp internal teeth in this gear to 
pnqrigf^ the external teeth on the main drive gear. A devicf^ of this kind^ with 
internal teeth on one member that m<*sh or engage with external teeth on another 
member* is often called a "don clutch"* or clutch gear. It makes a direct connection 
betwpen the input s^iaft and m* in shaft as shown by the arrows f fig 3-23). The 
propeller shaft therefore rot ates at crankshaft speed. 




Reverse . Tbe ri^verse position of the qears Is shown In flqure ^*?4» To hetter 
mustrate the reverse Idter dear, the oarts have heen turned enrl for end, anrl are shown from 
the ODOoslte sirle from Previous Illustrations fflqs throuqh ^•?^), In passinq from 
neutral to rev**r«^, the f Irst^and^reverse speed main shaft qear has heen shifted rearward to 
mesh iflth the reverse Idler qear. Tbe sole function of this qear Is to make the main shaft 
rotate In the opposite direction to the Input shaft* as shown hv the short* heavy arrows; It 
does not Influence the qear ratio hetween the countershaft reverse qear and the 
f 1rst*and*reverse speed main shaft qear. The qear ratio between these qears Is about ?. Tn 
reverse, the crankshaft rotates l.S k or S times for every revolution of the Propeller 
shaft , 




Flq V?4. Transmission qears in reverse speed position. 



Helical qears . Tn modern oractlce, helical qears are widely used because they run 
more quietiv than spur qears. There Is a side thrust on a helical qear, due to the anqularlty 
of the teeth, which tends to slide the qears out of mesh. This difficulty Is avoided In 
constant*mesh transmissions because the qears do not slide on the shaft. When slfdfnq helical 
qears are employed In a transmission, the splines on which they slide are also cut hellcallv 
to the same anqle as the teeth; this offsets the side thrust. 

Transmission controls . The three*soeed selective transmission described previously Is 
operated hv a control lever assembled to, and extendlnq from, the control housinq fflq 3*2Sl. 
The lever has a hall fulcrum fittinq Into a socket In the housinq. It Is kept from rotatinq 
hv a setscrew enterinq a slot In the side of the hall fulcrum hut Is free to move backward, 
forward, and sidewlse. The end of the lever below the ball fulcrum enqaqes both slots, but 
there Is an Interlock device fusuallv a hall or pin enqaqinq notches In each shifter shaft) 
that oermlts one shifter shaft to move at a time, hut not both. This prevents two speeds 
heinq enqaqed at once* When the control lever handle Is pressed to the left, the slot In the 
f1rst*ard*reverse shifter shaft Is enqaqed and th** fork can he moved backward or forward. 
After the firsthand-reverse shifter shaft has been returned to the neutral position, the 
control lever can he Pressed to the rlqht and the second»and»th1rd shifter shaft and fork can 
he moved forward or backward. The shifter shafts are held In the different speeds and the 
neutral position hv spr1nq*loaded balls or poPpets enqaqinq notches In the shifter shafts. 

Since 1^;^^. the transmission a>ntrol levers on the steerinq column have come Into qeneral 
use. These are qenerallv used with the synchromesh transmissions. 
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Flq 3»25. Transmission shifting mechanism and control lever. 

FXFRf'r>F; Answer the following questions and check vour responses aqalnst those listed at 
thp enrt of this study unit. ' 

1. The Input shaft has an Integral main drive gear and rotates with the 



The main drive qear Is in constant mesh with the 

qear. 

1. ThP transmission main shaft Is held in line with the input shaft by a pilot 

hparinq at its front enrt, which allows It to or 

Independently of the fnput shaft. 



drive 



Work Unft 3-1?, POWER-TAKEOFF 

NAME THE SIMPLEST TYPE OF POWER-TAKEDFF. 

<;rATE WHAT IS ^ECfSSARY FOR A VEHICLE TO REMAIN STATIO^ARY WHILE A TRA^SFER• 
MOUNTED POWER-TAKEOFF IS USED. 

A powor-takeof f Is an attachment for connecting the engine to power-driven auxiliary 
marhinerv when its use is required. It fs attached to the transmission, auxiliary 
tr^n<^rni';s*nn^ or transfer case, A Power-takeoff installed at the left side of a transmission 
in shown ^n fiqure 3-26. It is used to drive a w^ ich, located at the front of the truck, 
^hroijqh a universal ,1o1nt and propeller shaft. 
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Flq 3*26. Winch and power^tdkeoff Installation. 



The simplest tvpe of transmission power*talceoff Is the s1ngle*gear, s1nqle*sPeed type 
shown In figures 3*27 and 3»28» This unit Is bolted over an oPwing Provided for the purpose 
at the stde of the transmission case* This opening Is closed by a cover plate when no 
power-takeoff Is used. The Power*talceoff gear meshes with a gear on the transmission 
countershaft through the opening In the transmission case. As shown In figure 3^27, the gear 
slides on the spllned main shaft, off which the power Is taken. The shifter shaft, controlled 
by a lever In the driver's cab, slides the gear In and out of mesh with the countershaft 
gear. Since It Is driven by the countershaft, the pDwer*takeoff shaft rotates In the same 
direction as the engine crankshaft. 

Transml5»s1on power*takeoffs are available In several different designs; a 
s1nqle*sPeed, Vvo^qear model In which the rotation of the Power*takeoff shaft Is opposite to 
that of the engine; a model having a s1ngle*sPeed forward and reverse; and a model having two 
sPMds forward and one reverse. Several different mountings are also available. 
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Fiq 3-?7. Sinqle-speed^ slnqle-gear 
power- takeoff. 



Piq 3-28. Sinqle-speedt slnqle-qear 

power-takeoff --Installed view. 



The same twes of power-takeoffs are also applied to auxiliary transmissions (flq 
3-?9l. Power Is sometimes taken off a transfer case. The transfer case drive shafts which is 
connected to the transmission^ extends through the case^ and the power-takeoff shaft Is 
pnqaqed to It by a doq clutch. This transfer case has two speeds and a neutral position. It 
is necessary to put the transfer case sliding gear In the neutral position If the vehicle is 
to be stationary while the power-takeoff is In use. If the power-takeoff Is needed while the 
vehicle is In motion^ the transfer case may be shifted either into hiqh or low ranae. With 
this arrangement^ the power-takeoff will work on any speed of the transmission. The positions 
of all the cab control levers of one model of vehicle are shown diagrammatlcally in figure 
3-3D as they are placed on the instruction plate In the cab. When the power-takeoff clutch Is 
enqaqedt the winch capstan operates; but the winch drum does not rotate until the winch clutch 
is enqaqed. The several types of power-takeoffs have been described as operatinq winches^ but 
their uses for operatinq various kinds of hoists^ pumps^ and other auxiliary power-driven 
machinery are essentially the same. 
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h»q 3-30. Typical shift positions of transfer and power- takeoff control 
levers for tw-speed transfer assembly with power-takeoff . 



EXERCISE; Answer the following questions and check your responses against those 11;ted at 
the end of th s study unit. 

1. The simplest type of power-takeoff Is and 



2. If a vehicle Is to remain ^stationary while a transfer-mounted power-takeoff Is to 
be used^ It Is necessary to shift the transfer Into 



ERLC 



52 

3-22 



Work Unit SERVIC Ifi AND REPAIRS 

IDFNTIFY A MHITATION TO THE SERVICE AND REPAIR OF THE TRANSMISSION- 

The InsDPTtlon .ind reoalr^ jf transmissions will certain to the Ml5t series vehicles; 
th<> malntftnance Is limned to sKund Khelon, All Information can be found in TH 
o*?3?n-?1fl-?0, 0rqanl7at1onal Maintenance Manual, 

Starting with Table Prevent1ve*Ma1ntenance Checks and Servlcr's, oaqe 2*f>, 
^pqu«^ncft number 18* transmissions. 

Note OD^atlon In all qears« 

Note ease of shifting* 

Listen for unusual noises and Inspect for signs of malfunction or lubricant leakage* 

Table Troubleshontlng, will further aid In the Insoectlon ami repairs Process 
foagfts and ?-lS of the manual U 



Table Troubleshontinq, transmission and transfer, organl7at1onal maintenance manual* 



Transmission and Transfer 



MALFUNCTION 
Hard a^ar sblfting* 

SI IPs out of gear* 

Engaaemer^t of two speeds* 

Lubricant leakage* 



Traf)^H^l0f) nnKV* 



Transfer will mt engage* 

TransmH^lon will not shift 
out of ^th soeed gear, 



PROBABLE CAUSE 

a* Too much clutch peilal free 
olav* 

b. Clutch disk or other clutch 
parts damaged* 

Transmission Darts worn or 
damaged* 



Transmission Parts worn or 
damageil* 



a* Lubricant level too high 

In transmission* 
b* Leak at bearing retainer 

caps crew* 
c* Transmission expansion 

plugs loose* 
d, Transmission cover gasket 

leaking* 

a* Loose mounting bolts* 

h« Flywheel housing allnement 

Incorrect* 
c* Ir)suff1c1ent lubricant* 
d* Worn or damaged Parts* 



a* Incorrect lubricant* 

b« Transfer worn or damaged* 



Indicates lock up of 

synchronizer sleeve In 
over shift altitude due to 
soe^ shifting* 

3.?S 



CORRECTIVE ACTION 
a* Ad,1ust pedal free play* 
b* Notify support maintenance* 



Replace transmission and 
transfer assenrt>1y* 
Coordinate with 
support maintenance* 

Replace transmission and 
transfer assembly* 
Coordinate with 
support maintenance* 

a* Drain to Proper level* 
Refer to LO <)-?S0-?18-12* 

h* Remove screw, dip in white 
lead* 

c* Notify support maintenance, 

(t* Tighten cover mounting 
bolts* 

a* Tlahten loose bolts* 

h* Notify support maintenance* 

c* Fill with proper lubricant* 
d* Replace transmission and 
transfer assembly* 
Coordinate with 
support maintenance, 

a* Refer to LO <)-?3?0-2ia-12. 

b* Replace transmission and 
transfer assembly* 
Coordinate with 
support maintenance* 

Notify support maintenance* 
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HALFIMCTION 



PR0HA6LE CAUSE 



CORRECTIVE ACTION 



Trvtsmls^lon will not shift Inrllcates faHure of Srrl and Notify support maintenance, 
out nf Vrl speerl qear. 4th speerl shifter shaft due 

to speed shifting . 

The gearshift levflr Jind housing are sealed hv a rubher boot to Prevertt water from 
entering the transmission. This hoot must he periodically Inspected. A Prdstjre^type 
hreather valve Is located at the hase of the gearshift housing and must also be checked for 
servlceaMlltv. If either the boot or valve are unserviceable, the v must be replaced. Figure 
1*11 shows the location of the hoot and valve. 




Fig 3- .tit Rubber boot and breather valve location. 



A filler Plug Is Provided on the left side of the transmission for checking and 
refilling the lubricant level. 

When It Is necessarv to replace a transmission with a new or reconditioned assembly* 
refer to direct support maintenance. 

EXERCISE: An^t/er the following question an<; check vour response aqalnst the one listed at 
the end of this study unit 

1. A limitation to the service and repair of the transmission Is^ 



a. check qear oil c. replace breather valve 

h. refill qear oil d. all the above 



SIIMMARY^REVTEU 



In this studv unit you have learned abou^ the manual shift transmissions* function and 
types. You learned about the constant-mesh and synchromesh transmissions^ types of 
transmission gears, the bearings and lubricants used In transmissions, the Internal Parts of 
the transmissions. You also learned about the power-take off unit used with transmissions* 
and the servicing and repairs limited to transmissions* Next you will learn about the 
trvtsfer assembly. 



Answers to Study Unit #.t Exercises 



UorV irnit Vl. 



1. d. 

^. orogressfve, selective 
1. cnn s t ant 'mesh « svnchromesh 



UorV Unit V?. 



1 . stub tnoth 

^. synchromesh 

1. cast Iron Cr .4 

4, nn top *J*x 
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Wr^rk Unit 1-1, 

U movf^ fmrlwUe on the shaft 

Kork Unit l-d* 

K oermn quiet qear selecMon 

Wnrk Unit VS, 

U 1:1 

l<>v<r Pivot Doint ^tuooort 
.V flecrMserl^ Incre^sert 

Wrrk \Mt 

1 . Ste^rlnq qear housinq 
Work \Mt 3-7, 

Wf'-ir (inn ^r;, 

K Support movtnq parts 
rarttal 
Work Unit .1-0, 

K nperatlnq temperature 

Work Unit 

U hous4» 

shifter mechanism 

Urk Unit .VlK 

U clutch rlrlven plate 

counter shaft 
3, rotate, come to rest 

Wbrk linn 3-1?, 

U sinqle qear, sinqle speed 

neutral 

Wr^rk Unit >13, 



STUDY UNIT 4 
TRANSFER ASSEMBLY 



STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU HILL 
IDENTIFY THE PURPOSE, OPERATION, SERVICING, AND REPAIRS OF THE TRANSFER ASSEMBLY. 
IN ADDITION, YOU HILL IDENTITY THE PURPOSE OF THE OVERRUNNING SPRAG UNITS, THE 
CONSTRUCTION ANO OPERATION OF THE SPRAG UNIT, AND THE AIR CONTROLLED DOUBLE SPRAG 
UNIT. 

Section I. INTRODUCTION TO TRANSFERS 

Work Unit 4-1. PURPOSE 

STATE THE PURPOSE OF THE TRANSFER ASSEMBLY. 
IDENTIFY AN ABNORMAL CHARACTERISTIC OF A TRANSFER ASSEMBLY. 
Transfer as^efflbl1e$ 

Purpose . With the addition of front wheels as driving mernbers of a vehicle to supply 
more tracHon, the need for a transfer assembly became Imperative. The transfer assembly 
(flqs 4-1 =ind A'Z) an auxiliary gear train on a11 -wheel -drive vehicles, enables the power to 
be divided or transferred to both forward and rear propeller shafts, and provides a means of 
lowering the power train components sufficiently to permit the forward propeller shaft to 
dear the engine crankcase, The transfer Is essentially a two-speed transmission unit {low 
and direct drive), but may Include an additional gear reduction. 
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Fig 4-1. Transfer assembly— cross-sect1ona1 view. 
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Flq 4-2, Transfer assembly power flow shown by arrows. 



Operation ^ In the high ratio when driving both the front and rear axles^ the 

external teeth of the sliding gear (spllned to the transmission main shaft) are In mesh with 
the Internal teeth of the constant mesh qear mounted on this shaft* Likewise^ the external 
teoth of the front-axle sliding qear are In mesh with Internal teeth the constant-mesh gear 
or the sliding clutches are engaged. Disengagement of the drive to the front axle Is 
accomplished by shifting the slldlmj gear on the front-axle main shaft out of mesh with the 
constant -mesh gear^ permitting the latter to roll free on the shafts or sliding the clutches 
out of mesh. 

When using the low ratio In the transfer assembly^ the sliding qear on the 
transmission main shaft Is disengaged from the constant*mesh gear and engaged with the Idler 
qear on the Idler shaft* This reduces the speed by having the sliding gear mesh with the 
lartier idler qear. The shifting linkage on some vehicles Is so arranged that shifting Into 
the low range Is possible only when the drive to the front axle Is engaged. This prevents the 
driver from applying maximum torque to the rear drive only^ which might cause damage, 

EXERCISE: Answer the following guestlons and check your responses aqalnst those listed dt 
the end of this study unit, 

1, The purpose of the transfer asseirt)ly Is to enable the to be 

to both forward and rear propeller sharts. 



?, Which of the followlnq Is an abnormal characteristic of a transfer assembly? 

a. Provides a means of lowering the power train 

Permits the forward propeller shaft to clear the engine crankcase 

c. It Is essentially a two-speed transmission, 

d. It allows drive to front wheels only. 

Section II, SPRAG UNIT 

Work Unit 4-2, PURPOSE OF THE SPRAG UNIT 

STATE THE LOCATION OF THE SPRAG UNIT IN THE TRANSFER, 

Some transfers contain an overrunning sprag unit (or units) on the front output 
<;haft. On these units the transfer Is designed to drive the front axle slightly slower than 
the re<ir axU « Durlnq normal operation^ when both front and rear wheels turn at the same 
speedy only the rear wheels drive the vehicle. However^ If the rear wheels should lose 
trartion and heqin to si Ip^ they tend to turn faster than the front wheels. As this happens^ 
the spraq unit automatically enoages so that the front wheels also drive the vehicle. The 
<;praq unit <;iiTiply provides an automatic means of engaging the front wheels In drive whenever 
additional tractive effort Is required. There are two types of sprag^unlt-egulpped transfr***;: 
a sinqle-spraq-unlt transfer and a double*sprag*unlt transfer. Essentially^ both types woric 
in the samp manner. 
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EXERCISE: Ansmr the foUowIng question and check your response against the one listed at 
the end of this study unit. 

U ThP spraq unit In the transfer Is located on the front 



Work Unit 4-3. SPRAG UKIT CONS1DUCTI0N AKD OPERATION 

STATE THE ACTION OF A UNIT SIMILAR TO THE ACTION OF A TRANSFER ASSEMBLY SPRA6 UNIT. 

DESCRIBE THE RESULT OF THE DOUBLE SPRA6 UNIT WHEN SHIFTED INTO REVERSE. 

GIVEN A VEHICLE USING A SPRAG UNIT THAT IS PUSHED BACKWARDS, NAME THE GEAR THE 
TRANSMISSION MUST BE SHIFTED INTO. 

The transfer assembly Is very similar to that described In previous paragraphs^ the 
essential difference being that a sprag unit has been substituted for the hand-operated 
sliding clutch on the front output shaft. The sprag unit acts as an overrunning clutch, 
permitting the front wheels to turn freely at the same speed as the rear wheels, but locking 
up to drive the front wheels when the rear wheels tend to turn faster than the front wheels 
{m when the rear wheels lose traction and slip). 

Sprag . A sprag {fig 4^3) Is a steel block so shaped as to act as a wedge In the 
complete assembly. In the sprag unit under discussion, there are 42 sprags assembled Into an 
outer race and held In place by two energizing springs (fig 4-4). The springs fit Into the 
notches In the ends of the sprags and hold them In posltlcm. The outer race Is In the driven 
gear on the front output shaft. The Inner race Is on the front output shaft Itself. 




Fig 4-3. Sprag. 



Single-sprag-unit operation . During normal operation, when front and rear wheels of 
the vehicle are turning at the same speed, the outer race of the sprag unit {In the driven 
gear) turns a little slower than the Inner race {on the front output shaft). This prevents 
the sprags from wedging between the races {f1g-4*S). No lockup occurs and the front wheels 
turn freely; they are not driven. However, If the rear wheels should lose traction and tend 
to turn faster than the front wheels, the outer race tends to turn faster than the Inner 
race. When this happens, the sprags wedge or jam between the two races and the races turn as 
a unit to provide driving power to the front wheels. Just as soon as the rear wheels reqain 
traction so that they slow down to front -wheel speed, the outer race slows down In relation to 
the Inner race and the sprag-unlt releases. The action Is shown schematically In figure 4-6. 
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Fiq 4-4, Assembling sprags into outer race in the front output shaft driven gear* 
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Fiq 4-5* Sprag unit overrunning and locked up* 



Si nqlfi-sprag-iinft operation in reverse. In reverse^ it is necessary to lock out the 
slnqlo-^praq unit^ since rotation is reversed* and this means that no driving can he achieved 
fhrniiqh thp ^pr*aq Mnits all* Lockout is accomplished through a linkage to the transmission 
\U,\l shifts a rpvpr<;e-shlft collar in thp transfer. As the reverse-shift collar is shifted* 
int'Mviil splinrs in thf? collar mesh with external splines on the reverse-shift driven gear and 
on the frnnt oupiit dt^ivprt qcar so tJipre is a solid drive around the sprag unit. 
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Fig 4-6. Prlrtciple of sprag-unit action. 
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Fi * 7. Power flow diagram through transfer. 
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Ooub1e*spraq un1t > The doub1e*spraq unit operates the sane way as the s1ng1e*sprag 
unit In rorwara speeas. In reverse^ however^ the difference between the two units becomes 
apparent* In the doub1e*spraq un1t« a second spraq unit has been Included which comes Into 
operation only In reverse. When the shift Is made to reverse^ the forward sprag unit Is 
locked out« almost exactly as described In the s1ng1e*sprag unit. However^ the reverse sprag 
unit comes Into operation. The front wheels drlve^ In reverse^ when the rear wheels lose 
traction and tend to revolve faster than the front wheels. The shift from one sprag unit to 
the other Is accomplished by a linkage to the transmission that shifts a reverse*sh1ft collar 
In the transfer. As the reverse^shlft collar Is shifted. Internal splines In the collar 
unmesh from the external splines on the outer race of one sprag unit and mesh with the 
external splines on the other spraq unit. 

Alr^controlled double-sprag unit 

General . Figure 4*7 shows the power flow In the transfer unit using the 
a ir*con trolled double-spraq unit described In the next paragraph. 

The double^sprag unit has the same function as that described In previous 
paragraphs, the essential difference being that there Is an air valve on the 
transmission low and reverse^shlfter shaft, which automatically shifts the sprag unit 
to forward or reverse whenever the main transmission Is shifted to forward or reverse. 

COTstructlon and operation . Figure 4-fl Is the air-control diagram of the transmission 
and transfer assembly usinq an air-controlled double*spraq unit. When the transmission is In 
neutral or a forward gearshift position, and there Is compressed air In the compressed air 
system of the vehicle, the air cylinder control valve (A, fig 4-B) will be so positioned as to 
admit air under pressure from the compressed a1r system Into the shift air cylinder assembly 
fH, flq 4-B). The air Is then admitted to the forward-shift side of the spr1ng*balanced 
piston In the cylinder. The piston Is thereby moved and causes engagement of the forward 
sprag unit. When the transmission Is shifted Into reverse, the air cylinder control valve 
admits air to the opposite side of the piston, causing engagement of the reverse sprag unit. 
When the forward spraq unit Is engaged, the front wheels will freewheel or turn only in a 
forward direction. Likewise, If the reverse sprag unit Is engaged, the front wheels cannot be 
turned In a forward direction. Also, If a vehicle with air pressure In the system Is parked 
with the transmission shift lever In neutral position. It cannot be pushed backward until the 
transmission shift lever Is shifted to reverse. 
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Fid 4-8. Air control dlaqram of transmission and transfer assembly using an 
air-controlled double-sprag unit. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The action of the transfer sprag unit Is similar to a (an) . 



2. When the double sprag unit Is shifted Into reverse, the front wheels 

when the rear wheels traction. 

3. When a vehicle using a spraq unit is to be pushed backwards, the transmission must 
bp shifted into gear. 
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Work Unit 4-4* SERVICING AND ADJUSTMENT 

STATE TWO LIMITATIONS WHEN SERVICING AND REPAIRING THE TRANSFER ASSEMBLY* 

Servicing and adjustment of transfers w111 pertain to the five ton H54 series 
vehicle* Maintenance Is limited to second echelon* A11 Information can be found In TM 
9-2320*211*20 Organizational Maintenance HanuaU starting with table 2*2* Preventive 
Maintenance mtt Services* page 2*8. sequence number 14* transmission and transfer* 

Note the operation In all gears and check for ease of shifting* Listen for unusual 
noises* Note any stiffness or tendency to slip out of gear* If the transmission or transfer 
proves to be defective* notify direct support maintenance* 

Table 2*3* Troubleshooting, w111 further aid In the servicing and adjustment process* 
page 2*13, Transmission and transfer* 



Table 2*3* Troubleshooting transmission and transfer « organizational maintenance manual* 



Transmission and Transfer 



MALFUNCTION 
Excessive noise* 



Loss of lubricant* 



Excessive lubricants 



PROBABLE CAUSE 
a* Insufficient lubrication* 



b* Propeller shaft misallned 
or out of balance* 



a* Loose drain plugs* 

b* Damaged gaskets* seals* or 

housings* 
c* Inoperative ventilating 

valves* 

Overfilled* 



CORRECTIVE ACTION 

Check level and If required, add 
lubricant according to 
lubrication order 
(LO 9-2320*211*12)* 

Check universal Joints for worn 
needle bearings* Replace If 
necessary* Check propeller 
shaft for allnement and check 
flanges for loose mounting 
bolts* 

Tighten drain plugs* 

Notify supporting maintenance 

personnel * 
Clean ventilating valves* 



Check lubricant level and drain 
to level of filler plug* 
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MAINTENANCE OF TRANSFER 



SFRVICE 

Check the lubrication level v«hen changing 
engine oil or troubleshooting the 
transfer* If necessary, add lubricant 
according to the lubrication order 
(LO 9-2320-211-12), 

BREATHER VENT 

RemoyaU Remove the breather vent 
by rotating It counterclockwise. 

Installation , Secure the breather 
vent in place with clockwise rotation, 

CONTROLS ANO LINKAGE REPAIR 

Weld, straights, or replace any broken « 
bent, or damaged controls or linkage 
parts as necessary, 

AIR SHIFT LINES ANO CONNECTORS 




Fig 4*9, Reipovlng air shift lines and 
connectors. 

Removal , From underneath the 
vehicle, unscrew the air shift line 
connectors {fig 4-9) at the Junction 
of the rigid and flexible lines. 



Note : Place Identification tags on the air shift lines to facilitate installation. 

Inspect and Repilr, Inspect the lines and connectors for damage. Replace any 
damaged lines or connectors. 



Installation , Connect the flexible lines at the left front of the transfer to the 
rigid lines at the top rear of the transmission. Tighten the connectors (fig 4-9), 

EXERCISE: Answer the following question and check your response against the one listed at 
the end of this study unit, 

1, The servicing and repairs of the transfer ass^ y are limited 
to 



SUMHARY REVIEW 

In this study unit, you learned the purpose and operation of the transfer assembly. 
You also learned the purpose, construction and operation of the sprag unit. 

Answers I ^ Study Unit #4 Exercises 

Work Unit 4-1, 

1, power, divided 

2, d. 

Work Unit 4-2, 

1, output shaft 
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Work Unit 4-3. 



K overrunnlnq clutch 

rirtvp, lose 
3. reverse 

Work Unit 4-4. 

1. Checking and refiling of lubricant 

2. Inspecting and repairing of air lines 
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STUDY UNIT $ 



UNIVERSAL JOINTS, PROPELLER SHAFTS ANO SLIP JOINTS 

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL 
IDENTIFY THE UNIVERSAL JOINT, TYPES OF U-JOINTS, ANO SLIP JOINTS. YOU WILL ALSO 
IDENTIFY THE TORSIONAL STRESS OF A PROPELLER SHAFT AND THE PROPER MAINTENANCE 
PROCEDURE FOR ALL STATED PARTS. 

Section I. UNIVERSAL JOINTS 

Work Unit S-K DEFINITION 

STATE THE PURPOSE OF CONNECTING UNIVERSAL JOINTS TO A PROPELLER SHAFT. 

NAME THE UNIT CONSISTING OF TWO YOKES ANO ONE JOURNAL. 

A universal Joint Is a flexible coupling between two sbafts tbat pernlts one sbaft to 
drive anotber sbaft at an angle to It. It Is flexible In tbe sense that It will penilt power 
to be transmitted while the angle between the sbaft Is being continually varied. A simple 
universal Joint illustrated In figure S-1 Is composed of three fundamental units: one Journal 
and two yokes. Tbe two yokes are set at right angles to each other, and their open ends are 
Joined by the journal. This construction permits each yoke to pivot on tbe axis of the 
Journal and also permits the transmission of tbe rotary motion from one yoke to the other. As 
a result, the universal Joint can transmit tbe power from tbe engine through the sbaft to the 
rear axle, even though the engine Is rigidly mounted In tbe frame at a b1gh«r level than the 
rear axle, which Is constantly moving up and down In relation to the frame. 




Fig 5-1. Simple universal joint. 



EXERCISE: Answer the following questions and check your responses against those listed at 
tbe end of this study unit. 

1. Universal Joints are used for connecting propeller stufts because they can 
transmit at . 

Z, A universal Joint consisting of two yokes and one Journal Is referred to as 
a universal Joint. 



work Unit 5>2. CHARACTERISTICS OF OPERATION 

STATE THE SPEED FLUCTUATION OF A PROPELLER SHAFT OPERATING AT A 30O ANGLE TO A 
).,nVERSAL JOINT. 

STATE WHAT YOU SHOULD 00 TO COMPENSATE FOR SPEED FLUCTUATION. 
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^ ^ CharacterUt lcs of operation , A peculiarity of the conventional universal joint Is 
that It causes « onven shaft to rotate at a variable speed In respect to the driving shaft. 
It has been found that there Is a cyclic variation, In the form of an acceleration and a 
deceleration of speed, twice during each revolution. The extent of such fluctuation depends 
on the amount of angularity, rouahly about 7 percent for an angle of 15©, and about 30 
percent for «n angle of 30^, This fact Is shown graphically In figure 5-2, where the 
variations of the angular velocity during one revolution of a shaft driven through a 

universal joint are plotted. The driving shaft Is runnlrig at a consUnt velocity 
of 1,000 rpn, and the angle between the shafts Is 30^, Sketches of the universal joint 
positions at the mlnlimim and maxlnwii velocity fluctuation points are placed above the 
corresponding portions of the curve to enable the reader to correlate the curve with the 
action of the yoke and Journal, of the universal Joint, 



Fig 5-2, Speed fluctuations caused by conventional Joints, 




In a quarter of a revolution, the speed of the driven shaft varies from a mlnlnum of 
866 to a maximum of 1,155 rpm. The speed of the driven shaft equals that of the driving shaft 
at four points during the revolution; that Is, 450, 1350, 2250, and 3I50, where the 
curve Intersects the constant velocity {dotted) line. The extent of each fluctuation depends 
on the sUe of the angle between the shafts; the greater the angle, the greater the variation 
In the speed of the two shafts. This variation of velocity cannot be ellnlnated with a simple 
universal Joint, but Its effect can be minimized by using two universal Joints (one at each 
end of the shaft). If only one joint Is used between the transmission and the rear axle, the 
acceleration and deceleration caused by the joint Is resisted on one end by the engine and on 
the other end by the Inertia of the vehicle. The combined action of these two forces produces 
great stress on all parts of the power train and. In addition, results In a nonuniform force 
being applied to the wheels. When two universal Joints are employed, the second Joint 1$ used 
to compensate for the speed fluctuations caused by the first. In order to accomplish this, 
the angle between the transmission shaft and the propeller shaft must be the same as the angle 
between the propeller shaft and the final drive of the rear axle. Another requirement Is that 
the two yokes of the universal joint which are attached to the propeller shaft be In the ^e 
plane. If the yokes of the joints attached to the propeller shaft are In the same plane, the 
driving yoke of the first Joint will be at an angle of 90O with the driving yoke of the 
second. The two yokes attached to the propeller shaft act as the driven yoke of the first 
Joint and the driving yoke of the second Joint respectively (fig 5-3), With this arrangement, 
the first joint Is producing Its maximum fluctuation at the same time the second joint Is 
producing Its minimum fluctuation. This results In a nonvarying wheel speed for a given 
engine speed, even though the speed of the shaft between the Joints Is constantly changing. 
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rig 5-3. Propeller shaft and universal Joints disassembled. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. A propeller shaft using a conventional universal Joint and operating at an angle 

of 300 to the driving shaft has a speed fluctuation of about 

percent. 

Z* To compensate for speed fluctuations of propeller shafts using conventional 

universal Joints, you should attach the yokes In the 

with each other. 



Work Unit 5-3. TYPES OF UNIVERSAL JOINTS 

IDENTIFY THE UNIVERSAL JOINT USED ON FRONT WHEEL DRIVES TO AIO IN STEERING. 

NAME THE JOINT THAT HAKES USE OF A CASE TO CONTROL THE BALL MOVEMENT. 

GIVEN A DRIVEN SHAFT OF A CONSTANT VELOCITY JOINT THAT IS MOVING THROUGH AN ANiLb 
OF ZO DEGREES, STATE THE PLANE OF DRIVING ENGAGEMENT DEGREE. 

In an actual universal Joint, bearings are Included at the four points where the 
Journal Is attached to the yokes. In addition, one of the yokes usually Incorporates a 
spllned slip Joint. In one type universal Joint (the ball-and-trunnlon type), the universal 
Joint Itself Incorporates a feature that permits variations In Tength of the propeller shaft. 
Different types of universal Joints «,re discussed In the following paragraphs. 

Journal-typ e univ ersal Joint. There are several variations of this type of universal 
Joint, two of Which are" sfiown In figures 5-4 and 5-5. The different universal Joints of this 
type vary from each other mainly In the manner In which the Journal Is attached to the driving 
and driven yokes. For example. In the universal Joint shown In figure 5-4, the Journal Is 
assembled In the shaft and slip yokes, while the bearing assemblies are Inserted from the 
outside and secured by spring bearlna retainers Inside the yokes. The bearings on the 
transverse ends of the Journal are clamped to the flange yokes and secured from outward 
movement by bearing retainers. The universal Joint shown In figure 5-5 differs frwn that 
shown In figure 5-4 In the manner In which the Journal Is attached to the flange yoke. In 
this universal Joint, the bearing assembly Is contained In bearing blocks. The blocks are 
mounted against the flange yokes and secured with bolts extending longitudinally through the 
yokes. 
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Fig 5-4, Universa] joint— partially cutaway view. 
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Fig S-5, Universal joint— partially cutaway view. 



Pall-and-trunnion type . Two U;,iversal joints of the ball-and-trunnion type are used 
In an application, one on each end of the propeller shaft. This type joint is shown in 
figures 5-6, 5-7, and 5*8, There is a trunnion pin through the end of the propeller shaft. 
The pin is fitted with balls which ride in grooves in the flanged body. The balls are 
assembled on bea'^'riti^ ^o they can rotate with little friction. Compensated springs at each 
end of the propetur shaft hold it in a centered oo&itior. Variations in length are permitted 
by the longitudinal (aovement of the balls in the *'<^d> grooves* and angular displacement is 
allowed by outward moventent of the balls on the trunnion pins This type universal joint is 
easily recognized by the flexible dust boot that covers it, Vhe model shown In figure 5-8 Is 
a special, waterproofed unit for use in amphibious cargo carriers where it will be submerged 
In water. Note the manner In which a rubber 0-ring is used to Improve the seal of the dust 
boot to the body. 
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Fig 5-7. Propeller shaft using baJl-and-trunnion universal Joints. 
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Fig 5-8. Special waterproofed balNand-trunnion universal joint. 



Constant-veloc i ty un i versa 1^ Jo j n t s 
General 

The speed fluctuations caused by the conventional universal Joints do not cause much 
difficulty In automotive propeller shafts where they have to drive through small angles only. 
In front-wheel drives where the wheels are cramped up to 30^ In steering, velocity 
fluctuations present a serious problem. Conventional universal Joints would cause hard 
steerin^j* slippage* and tire wear each time the vehicle turned the corner. Constant-velocity 
universal Joints, which eliminate the pulsations, are used exclusively today to connect the 
front axle shaft to the driving wheels. The conventional universal Joint produces velocity 
fluctuations because the Journal connecting the two yokes does not allow free movement other 
than a pivoting action. Velocity fluctuations occur because the Journal tilts back and forth 
(wobbles) as the Joint rotates. This tilting movement is translated Into rotary movement and, 
when the Journal tilts toward the output shaft. It adds to the speed of the output; and when 
the Journal tilts away from the output shaft. It subtracts from the speed and the output shaft 
rotates slower than the Input shaft. The only tfme that the speeds of the two shafts are 
equal Is when the Journal iies in the plane which bisects the angle between the two shafts. 

It can be seen that a universal Joint transmitting constant velocity must be designed 
to permit the point of driving contact between the two halves of the coupling to remain In a 
plane which bisects the angle between the two shafts. If this Is accomplished, some 
arrangements must be made for the points of the driving contact to move laterally as the Joint 
rotates. Keeping this in mind, it will be easier to understand the principles of 
constant-velocity Joints which are In universal use today. Two types used In Army vehicles 
are the Rzeppa and Bendlx-Weiss. These types are discussed separately to show that, in all, a 
plane passed through the points of the driving engagement will at all times bisect the angle 
between the driving and the driven shaft. 

Rzeppa universal Joint 

The Rzeppa Joint is a ball bearing type In which the balls furnish the only points of 
driving contact between the two halves of the coupling. The details of the component parts, 
adapted for use In a frort driving axle, are shown In figure 5-9. The Inner race (driving 
member) Is spllned to the inner axle shaft; the outer race (driven member) Is a spherical 
housing which Is an integral part of the outer shaft; the ball cage Is fitted between the two 
races. The close spherical fit between the three main members supports the Inner shaft 
whenever It is required to slide In the Inner race, relieving the balls of any duty other lhan 
the transmission of power. 
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Fig 5-9. Rzeppa constant velocity un./ersal Jo1nt--d1sassenib1ed view. 



The movement of the six balls Is controlled by the cage. The cage positions the balls 
In a plane at right angles to the two shafts when the shafts are In the same line. A pilot 
pin, located In the outer shaft* moves the pilot and the cage by a simple leverage In such a 
manner that the anguiar movement of the cage and the balls is one-half the angular movement of 
the driven shaft. When the driven shaft Is moved ZO^t the cage and the balls move IQO. 
As a result, the balls of the constant-velocity universal joint are positioned from the top 
view, to bisect the angle formed (fig 5-10). 



MornNiuT 




Fig 5-10. Rzeppa constant-velocity universal jolnt—cross-sectlonal view. 



BendiX'Welss universal joint 

The Bendlx-Weiss joint (figs 5-11, 5-12, and 5-13) also uses balls which furnish 
points of driving contact, but Its construction differs from that of the Rzeppa In that the 
batts are a tight fit between the two halves of the coupling and no cage Is used. The center 
ball rotates on a pin Inserted In the outer race, and ser^res as a locking medium for the four 
other balls. The driving contact remains on the plane wMch bisects the angle between the two 
shafts, but It is the rolling friction between the four balls and the universal joint housing 
that positions tha balls. 

The manner In which tlils action Is accomplished can best be Illustrated by placing a 
ruler across a round pencil on a table; If the ruler Is moved to cause the pencil to roll 
without slipping, the pencil travel is exactl,/ half that of the ruler. 
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In this eMmple there are three objects: the table tcp* the pencil* and the ruler; 
two of which are Movable Members* and the third stationary. The inner race can be considered 
as the stationary table top* the ball as the pencil* and the driven race as the ruler. The 
.same relative motion between the pencil and the ruler occurs between the outer {driven }race 
and the baits In the constant-velocity Joint because the balls fit tight enough in the 
coupling to prevent slippage. The only difference Is that motion of the pencil was limited to 
rolling In a direction perpendicular to the long axis of the pencil* whereas the balls may 
move In any direction. When both shafts of the constant-veloclty joint are In line* that is* 
at an angle of 180^* the balls lie In a plane which Is at 90^ to thd shafts. If It Is 
assumed that the driving shaft remains In the original position* any MoveMent of the driven 
shaft out of this line will cause the balls to nove one-half the angular distance. Therefore* 
If the driven shaft moves through an angle of ^0*** the angle between the shafts will be 
reduced to 160<>* the balls will move 10'' In the same direction* and the angle between the 
driving shaft and the plane In which the balls lie will be reduced to 80<> fulfilling the 
requirement that the balls must lie In the plane which bisects the angle of drive. 




Fig 5-11. Bendlx-Ueiss constant-velocity universal joint— assembled view. 




Fig 5-12. Bendlx-Heiss constant-velocity universal joint— disassembled view. 
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Fig 5-13. Bendix- Weiss universal joint Installed on vehicle. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

I. Which universal joint Is used on front wheel drive vehicles to aid In steering? 



a. Constant velocity 

b. Simple velocity 



c. Semi velocity 

d. Journal velocity 



2. The _ type of constant-velocity universal joint makes use of a 
c«9e to control the movement of balls. 

3. When the driven shaft of a constant-veloclty joint moves through an angle of 
20O, the plane of driving engagement moves degrees. 
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Section IK PROPELLER SHAFTS AND SLIP JOINTS 

Work Unit 5-4. PROPELLER SHAFTS 

NAME THE DEVICE THAT TRANSMITS POWER THROUGH AN ANGLE BY MEANS OF A UNIVERSAL 
JOINT AND CARRIES IT TO THE POWl^R TRAIN. 

NAME THE POINT WHERE TORSIONAL STRESS IS GREATEST IN A DRIVE SHAFT. 

Propeller shafts and slip Joints 

Propeller shafts . The power, having been transnltted through an angle by means of a 
universal Joint, is next carried along the power train by a device known as a propeller, or 
drive, shaft (figs 5-14 and 5-15). Propeller shaft Is the most connon tenit however, either 
may be used. In anqihlblous vehicles both terms are used: propeller shaft to Indicate the 
device which transmits power to the propel ler> and drive shaft to Indicate that which 
transmits power to the wheels. Propeller shafts may be the solid or the tubular type. The 
torsional stress In a shaft varies from zero at the axis to a maximum at the outside. Since 
the center of the shaft resists only a small portion of the load, hollow shafts are used 
wherever practicable. A solid shaft Is somewhat stronger than a hollow shaft of the same 
diameter, but a hollow shaft Is much stronger than a solid shaft of the same weight. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Power being tramsmltted through an angle by means of a universal Joint Is next 
carried along the power train by a device known »s a (an) 

2. Torsional stress In a vehicle drive shaft Is greatest on 
the of the shaft. 



Work Unit 5-5. SLIP JOINTS 

STATE WHY SLIP JOINTS ARE USED ON PROPELLER SHAFTS. 

Because flexing of the springs causes the axle housing to move forward and backward, 
some provision must be made to allow the propeller shaft to contract and expand. A device 
known as a slip joint provides the necessary telescopic action for the propeller shaft. A 
slip Joint consists of a male and female spline, a grease seal, and a lubrication fitting. 
The male spline Is an Integral part of the propeller 'thaft (fig 5-15) and the female portion 
Is fixed to the universal joint directly behind the transmission or transfer case. As the 
axle housing moves forward and backward the slip joint gives freedom of movement In a 
horizontal direction and yet Is capable of transmitting rotary motion. 



75 

5-10 



rSONT AXIE 
PDO^EllER SHAFT 



TftANSFCft*TO-| 
K .WMOHtEAfti^E 
MOPEUEA SHAFT 



fOIWAItO-i 
AXll-TO-KAItH 
KARAXtE 
PROPf UeX SHAFT 



TitANSMtSSION 



TftANSMtSSlON* 
TO^TRANSFER 
FtOPEUER SHAFT 




TRANSFER 



Fig 5-14. Dlagran of axle driving propeller shafts. 
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F1g 5-15. Propeller shaft and universal Joints disassembled. 



EXERCISE: Answer t^e following question and check your response against the one listed at 
the end of this study unit. 

1. Slip Joints are used on propeller shafts to allow for the 

action of shafts. 



Uork Unit 5-6. SERVICING AND REPAIRS 

NAME THE TWO REPAIR AND SERVICE NEEDS NECESSARY ON THE UNIVERSAL JOINTS, PROPELLER 
SHAFTS AND SLIP JOINTS. 

Servicing and repairs of the universal Joint will be covered on the H54 series 
vehicles and the H151 series vehicles. The maintenance Is second echelon. 

M- 54 Series vehicles 

Tighten axle shaft drive flange bolts to 70-80 ft. lbs. Inspect propeller shafts and 
universal Joints for loose bearings, damaged seals, damaged lube fittings, and bent shafts. 
Inspect for looseness of bolts. Replace damaged components and tighten loose hardware. 

Table 2-3, Troubleshooting, will further aid In the servicing and repairs process, 
page 2-13. Propeller Shafts. 

Table 2-3. Troubleshooting, propeller shafts, organizational maintenance manual. 

PROPELLER SHAFTS 



MALFUNCTION 
Excessive noise or vibration. 



PROBABLE CAUSE 
a. Lack of lubrication. 



b. Worn universal Joint parts. 

c. Worn slip Joints. 



CORRECTIVE ACTION 

Lubricate according to 
lubrication order 
(LO 9-2320-211-12). 

Replace worn parts. 

Remove propeller shaft. 

Check condition of slip- 
Joint splines and replace 
slip Joint If necessary. 
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MALFUICTIONS PROBALBLE CAUSE CORRECTIVE ACTION 

d. Loose drive flange bolts. Tighten flange bolts 

attachlna drive flange to 
to propeller shaft and 
transmission. 

e. Shaft sprung from contact Replace propeller shaft. 

with obstruction. 

General 

Four propeller shafts with universal Joint assemblies (fig 5-16) at both ends; the 
transnlssion-to-transfer, transfer-to-front axle, transfer- to- forward-rear axle, and the 
forward-rear-axle-to-rear axle shaftst transmit power from the transmission to the transfer 
and the front and rear axles. In addition, propeller shafts are used to transmit power from 
the power takeoff to the front winch (on those vehicles equipped with a front winch), from the 
power takeoff to the hydraulic hoist mn^ (on M51 and HS1A2 models), from the power takeoff to 
the power divider (on N62 models only), and from the |>ow«r takeoff to the crane hydraulic pump 
(on M246 model only). 

Propeller shaft (with yoke-mounted universal Joints ) 

Removal 

Bend the two locking plates down, and remove the four capscrews (two screws to each 
plate) securing the universal Joints to the driven yoke (fig S-17). 

Remove the locking plates, and separate the propeller shaft assembly (Including 
universal Joint Journal) from the driven yoke (fig S-17). 

Repeat the two steps above at the other end of the propeller shaft, and remove the 
shaft assembly from the vehicle. 



5-13 78 



MONT AXlE 
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TRANSMISSION 




TtANSMISSlON* 
TCHTftANSTEl 
^ROPEUf.d SHAfT 



WNSfER 



Fig 5-16« Diagram of axle driving propeller shafts. 



rtOmiCft SHAFT YOfCt 




Fig 5^17« Yoke^mounted universal Jo1nt« 



Oi sassqubly 

Position the propeller shaft assently In a vise. 

Renove the universal Jomt asseMbly (one from each end of shaft) by bending the 
locking plates (fig 5>19) down and removing the four screws securing the two locking plates. 

With the propeller shaft assembly {fig S-1B) still secured In the vise, remove the 
dust cap from the yokei and slip the cap onto the propeller shaft splines. 

Remove the slip yoke from the propeller shaft spllned end {fig 5-1B). 

Slide dust cap off propeller shaft, and renuve three washers. 

To disassemble universal Joints, remove four bearings (1» fig 5-I9) cork washers, (2) 
and dust shields {3) from cross Journal shafts (5). 

If necessary, remove lubrication fitting (4) from cross Journal. 



Uir YOK( AS^UY 




mPtlKR SHAFT 



Fig S-IB. Propeller shaft assembly. 
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Fig 5-19. Olsassembly of universal joint. 



Re pair 



Inspect the cross journal bearing surfaces for nicks, burrs, and scratches. Also 
Inspect a1] four shafts and bearing caps for signs of excessive wear. In addition, dust 
shields should be checked for a bent condition. 

If any Indication of damage In figure 5-19 (1) above Is apparent, replace the entire 
universal joint assembly. This Includes cork washers, dust shields, bearing caps, locking 
plates, screws, and the cross journal. Always replace cork washers. 

Clean all parts In a drycleaning solvent or Mineral spirits paint thinner. Allow the 
parts to soak In solvent for a short time If possible. Use a small, stiff-bristle brush to 
remove any remaining dirt. 

Rinse the parts In a clean solvent and dry them with compressed air. Always protect 
the parts from any wind-blown dust or falling dirt until the parts are assembled. 

Inspect the propeller shaft and slip yoke splines and all threaded areas of the 
various parts. 

Inspect the slip yoke and propeller shaft for cracks, excessive wear, and bent 
condition. Also check the yoke journal opening for possible distortion. 

If the yoke or propeller shaft Is damaged, replace the damaged part. If necessary, 
replace the entire slip yoke and propeller shaft assembly. 

If necessary, replace the split washer and or cork washer for the slip yoke. 

Inspect all lubrication fittings for clear passageways and signs of other damage. If 
necessary, replace fittings. 



Secure the propeller shaft In a suitable vise. 

Slide the dust cap (with washers positioned under cap) onto the spllned end of the 
propeller shaft (fig 5-18). 



Assembljf 
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Position the slip yoke onto tK« propeller shaft spllned end. and screw the dust cap 
assenbly Into place on the slip yoke (fig 5'18). 

If necessary* assemble the universal Joints by positioning the four dust shields (3* 
fig 5'19)| cork washers (Z). and bearings (1) onto the cross Journal shafts (5). If removedi 
Install the lubrication fitting (4) on the cross Journal. 

Position the flanges of the bearing Journals to the yoke ends (fig 5-17). Secure the 
universal Joint a$s«nb1y (one at each end of the shaft assembly) to the propeller shaft yoke 
with two locking plates (7. fig 5'19) and four capscrews (6» fig 5-19). 

Inst allation 

Note; Always Install propeller shafts so the slip Joint Is at the power Input end of 
the shaft assembly. 

Secure the propeller shaft and universal Joint assembly to the driven yoke (fig 5-17) 
with two locking plates (7» fig 5-19) and four screws (6) (two screws to each plate). Bend 
the plates into place. 

Install the other end of the propeller shaft and the Joint assembly to the other 
driven yoke. Tighten the screws at both ends to coiipletely secure the propeller shaft and 
Joint assenibly to the vehicle. 

Lubricate the shaft and Joint asseibly In accordance with LO 9-2320-211-12. 

Propeller shaft (with flange-mounted universal Joints) 

Removal 

Remove the eight nuts and bolts securing the propeller shaft adapter flange to the 
driven shaft companion fUnge (fig 5-20). 

Repeat step above at the other end of the propeller shaft assembly* and remove the 
shaft assembly from the vehicle. 




JOU>NAl 



Fig 5-20. Flange-mounted universal Joint. 



Disassembly 

Remove the four bolts and lockwashers securing the two locking plates (fig 5-20). 
Remove the plates and the adapter flange. 

Repeat same as above to remove the adapter flange at the other end of the propeller 
shaft and universal Joint assembly. 

Refer to previous paragraphs* and follow similar procedures to complete disassonbly of 
the propeller shaft and universal Joint assembly. 
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Repair 

Refer to previous paragraphs and follow slnllar procedures. 

Inspect the adapter flanges for stripped threads, cracks^, and a bent condition, if 
damaged In any way, replace the adapter. 

Assembly 

Refer to previous paragraphs, and follow similar procedures to complete the assembly 
of the universal Joints and the propeller shaft. 

Secure the Adapter flange to the propeller shaft and universal Joint assembly with twc 
locking plates and four screws and lockwashers. Bend the locking plates over the screws {fig 
5-20). 

Repeat same as above at the other end of the propeller shaft and universal Joint 
assembly. 

Lubricate the shaft and Joint assembly In accordance with LO 9-23?0-211-12. 
M151 Series vehicles 



Reference Is made to TM 9*2320-216-20. Inspect for loose bearings, damaged seals, 
damaged lubricant fittings and bent shafts. Inspect for looseness of bolts and tighten as 
required. 



TabUe 2-3, Troubleshooting, will further aid In the servicing and repairs process, 
page 2-13, Tropeller Shafts. 

Table 2-3. Troubleshooting, propeller shafts, organizational maintenance Kanaal. 

Propeller shafts 

MALFUNCTION PROBABLE CAUSE CORRECTIVE ACTION 

Backlash or noise In Joint. Damaged or worn bearings. Repair universal Joint. 

Vibration in propeller shaft. Worn or damaged universal Repair universal Joint 

propeller shaft sprung. and/or replace propeller 

shaft. 

Oescrlptlon 

The vehicle drive system has a front anu rear propeller shaft. The shafts are of 
welded steel tubing, with forged steel >okes at each end. Cardan-type universal Joints are 
retained In yokes by $iiap rings which are Iti contact with the outer bearing races of the 
universal Joints. The tnlversal Joints consist of a cross-type trunnloni needle rollers, 
outer bearing races, seals, anti a lubrication fitting. The needle bearings are retained on 
the Journals of the tiunnion by the outer bearing races which are groove(* to also retain 
sleeve type seals. Lu><^1cat1on passages are drilled In the trunnion to Mlow lubrication of 
Che bearings front a central fitting. Either end of the propeller shafts can be attached to 
the differencial yoke or transfer yoke. 

Front and t ear propeller shafts 

"•nova! 

Reniove four universal Joint bolts from the differentia, end of the propeller shaft 

(fl3 5-21). 

P^iiove four universal Joint boU)t from the transmission end of tho propeller shaTt and 
remove shaft 'fig 

Installation. Install front and rear propeller shafts by reversing removal 
opentloni^; Torque propoller shalft universal joint bolts to 15-20 Ib-ft. 
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Fig 5-21. Remove universal Joint bolts from differential end of propeller shaft. 




Ftg 5-22. Remove universal joint bolts from transmission end of propeller shaft. 



Universal joints 

Removal . Refer to previous paragraphs for removal of propeller shaft. 
Disassembly 

Slip two loose cross bearings and grease seals from cross. 
Remove two cross bearings snap rings from yoke (fig 5-23). 

kith an n/16-1nch socket as a driver and an 11/8- Inch socket as a receiver* use bench 
vise to press bearing races and cross from yoke (fig 5-24). 

A ssembly 

Assemble universal joints by reversing removal operations. 

Note: Races must be assembled one at a time with seals entering yoke first. 

Note: Prelube all new universal joints before Installing Into the front and rear 
propellpr shafts. Prelubing Is accomplished by removing all four bearing 
faces from the cross and lubricating through the grease fitting to completely 
fill the yrease passages In each trunnion. Also place a small amount of 
grease In each bearing race before replacing on the journal cross. 
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Fig 5-23. Remove snap rings from yoke. 




Fig 5-24. Press bearing race from yoke. 



Wheel drive shafts and universal joints 

Each wheel drive shaft consists of two assemblies: a splined shaft equipped with a 
universal joint* and a sliding yoke eauipped with a universal joint. The shaft is attached to 
the wheel drive flange through the universal joint, by means of two "U" bolt nuts and 
lockwashers. The yoke is attached to the differential side gear flanges through the universal 
joints in the same way as the shaft. All universal joints are Cardan type. The drive shafts 
are Interchangeable side to sioe, and front with rear. The slip joint end of the shafts must 
be attached toward the differential. 
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front wheel drive shaft 

Removal fig 5'25). Raise front of vehkle. Remove etght nuts and lockwashers from 
four "U* boUs. Slide drive shaft universal joint yoke toward wheel and remove shaft. 

Installation (fig and reverse procedure). Slip Joint end of shaft must be 
Installed toward differential. 




Fig 5-25. Remove front wheel drive shaft. 

Universal Joint removal 
Removal 

Remove wheel drive shaft. Remove lock rings from bearing races (fig 5-26). 

With an n/16-1nch socket as a driver and an 11/8-Inch socket as a receiver, use bench 
vise to press bearlTtg races and cross from yoke (fig 5-27). 

Note: Hake certain that 11/16- Inch socket ts $>naI1 enough tn diameter to enter yoke 
bearing race bore without binding. 

Remove bearing races from cross (fig 5-28). 

Remove cross from yoke. 

Installat Ion . Install universal Joint by reversing removal operations. 
Note: Races must be assembled one at a time with seals entering yoke first. 





Fl9 5-27. Press bearing race from yoke. 



yc<' 




Fig 5-28. Removing bearing race from cross. 



Note: Prelube all new universal Joints before Installing Into the front wheel drive 
shdfts. Prelubing Is accomplished by removing all four bearing races from the 
cross and lubricating through the urease fitting to completely fill the grease 

gassages In each trunnion. Also place a small amount of grease In each 
earing race before replacing on the journal cross. 

IlXEKCISE: Answer the following question and check your response against the one listed at 
the end of this study unit. 

1. Servicing and repairs of the universal joints, propeller shafts, and slip Joints 
consists of _ _ a"*! 



SUMMARY REVIEW 

In this study unit, you learned about the types of universal joints, their purposes 
and characteristics of operation. You also learned about propeller shafts and slip joints, 
and the servicing and repairs related to these component parts. Next you will learn about the 
final drive, differential assemblies, and axle assemblies. 



5-22 8 7 

ERIC 



Answ«r$ to Study Unit IS Exercises 

Work Unit 5-K 

I. power, anytes 

Z* conventional (simple) 

Work Unit 5*2. 

1. 30 

2. same plane 

Work Unit 5-3. 

1. a. 
Z. Rzeppa 

3. 10 

Work Unit 5-4. 

1. propeller shaft 
Z. outside 

Work Unit 5-5. 

I. telescopic 
Work Unit 5-6, 

1. lubrication* replacement 



STUDY UNIT 6 



FINAL DRIVE. DIFFERENTIAL ASSEMBLIES AND AXLE ASSEMBLIES 

STUDY UNIT OBJECTIVES: UPON SUCCESSFa COMPLETION OF THIS STUDY UNIT, YOU WILL 
IDENTIFY THE FUNCTION Of THE FINAL DRIVE. DRIVE REDUCTION RATIO AND DRIVE (SEARS* 
YOU WILL ALSO IDENTIFY THE PURPOSE. CONSTRUCTION. MAINTENANCE. AND CHARACTERISTICS 
Of OPERATION Of DIFFERENTIAL ASSEMBLIES* IN ADDITION. YDU WILL IDENTIFY THE 
DIFFERENT TYPES OF AXLE AND REAR AXLE ASSEMBLIES* 

Section K FINAL DRIVES 

Work Unit 64* INTRODUCTION TO FINAL DRIVES (WHEELED VEHICLES) 

STATE THE PURPOSE OF THE FINAL DRIVE* 

GIVEN THE THREADS ON A WORM GEAR OF 6 AND THE TEETH ON A WORM GEAR OF 25. STATE 
THE GEAR RATIO* 

STATE THE TYPE OF FINAL DRIVE DESIGNED TO LOWER THE CENTER OF THE DRIVE GEAR* 
Final drives (whMled Vdh1cl6s) 

Function * A ftna1 drive Is that part of a powr transmission system between the 
propeller snaft and the differential* Its function Is to change the direction of the power 
transmitted by the propeller shaft through 90^ to the driving axles* At the same time. It 
provides a fixed reduction between the speed of the propeller shaft and the ai1e driving the 
wheels* In passenger cars, this speed reduction varies froin about 3:1 to 5:1* In trucks. It 
varies from about 5:1 to 11:1* 

Ratio* The gear ratio of the bevel gear final drive Is found by dividing the ntmber 
of teet*^ on the bevel drive gear by the number of teeth on the pinion* For a wonn gear. It Is 
found hy dividing the nunber of teeth on worm gear by the nusiber of "threads" on the worm* In 
the case of chain drives, the sprockets are considered gears, and the number of teeth on the 
driven spro^^ket Is divided by the ntnber of teeth on the driving sprocket* 

Gear drives 

A11 the final drives In general use are geared types* The most coiwnon of these 
consists of a pair of bevel gears, that Is. a drive pinion connected to the Propeller shaft 
ani a bevel drive gear attact^d to the differential case on the driving aile* These bevel 
gears may be spur« sp1ra1*beve1« or hypold* Spur gears have straight teeth, while 
sp1ra1-t>eve1 mA hvpold gears have curved teeth* Spur gears are seldom used for this purpose 
because they are noisy* Sp1ra1*beve1 gears are used most often* Hypold gears are used In 
several passenger cars and In light trucks because they permit the bevel drive pinton to be 
placed below the center of the bevel drive gear, thereby lowering the propeller shaft to give 
more body clearance* Thi'. gear also operates more guletly* Worm gears are used extensively 
In trucks because they all^vw a large speed reduction* These consist of helical wonn. similar 
to screws, and meshing teeth gears* The woi'ms have single, double, triple, or guadruple 
threads* These type gears are shown in flgur^^ 6*1* 
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Flq 6-1. Final drive qears. 

fXFRriSE: Answer the following Questions and check your responses against those listed at 
the end of this study unit. 

1. The purpose of the final drive Is to change the '_ 

of 



?. The tvpp of final drive that was designed to lower the center of the drive gear is 
the , 

3. If a worm has 6 threads and the worm gear has 25 teeth^ the gear ratio Is 



Section 11. DIFFERENTIAL ASSEMBLIES 
Work Unit 6-2. CONVENTIONAL DIFFERENTIAL 

STATE THE PURPOSE OF THE CONVENTIONAL DIFFERENTIAL. 
NAME rHE UNIT RIVETED TO THE FINAL DRIVE GEAR. 

fieneral 

The purpose of differentials Is to provide for differences in speed of rotation of 
wheels as a vehicle rounds a corner or travels over uneven ground^ or to enable the operat^^^ 
of a tracked vehicle to turn the vehicle by c!l^ng1ng the relative speed of the tracks, 
nptalls of the mechanisms are explained In this section. 

Conventional differential 

The hevel drive pinion rotates the bevel drive gear and the differential CMe to which 
the final drive gear Is riveted. The axle shafts are spllned to the differential side gears. 
Were It not for the differential pinions^ each wheels with its respective axle shaft and side 
gear, would rotate freelv with respect to the differential case and bevel drive gear. Figure 
fi»? shows, in phantom two views of a conventional differential. 

S traightahead . When both wheels are rotating at the same speedy as they do on a 
smooth^ sTf'<ilnht road, the differential pinions do not rotate about their own axis but serve 
only to lock all the part*;, making them rotate as a unit mU^n the drWe differential ring gear 
1*t turned bv the differential drive pinion. 



so 
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TuffK, Whf^n th^ whPt^U rotatt^ at dlffert^nt sDeeds, as they do when making a turn* the 
•ilowln*! down of the Inner wheel decrea<;e<; the rotation of Its axle shaft and differential side 
r\f*^r wUh re<;nect to the differential drive rinq qear and the differential case. The case 
forrps thr> dtffi>ront1al ninlon*; to rotate alonq the Inner differential side qear* advancinq 
thp onno<;Up «;ido r\9^r an equivalent amount with refipect to the differential case. The outer 
whepi thus turn*; at a hlqher <iOeed than the Inner urtieel. If the differential drive rinq qear 
make*; four revolutions while the Inner wheel is maklnq one* the outer wheel will rotate seven 
1 1nip<;. 

fXFRnSFr An*iwer the followinq questions and check vour responses aqalnst those listed at 
the '^nd of thk <;tMdy unit, 

1, The wjrDo<;e of the conventional differential i% ^o permit of 

wheel <;Deed<; when the vehlrle a 



?, The final drive qear is riveted to the 



Work Unit nVFRfDMING LOSS DF TRAfTION 

STATE WHFRE THE TOROIlE WOULO BE DELIVEREO WHEN ONE WHEEL LOSES TRACTION COMPLETELY 
m A VFHICLE USING A HIRH TRACTION DIFFERENTIAL, 

NAME THE WHEEL THE DRIVING TOROUE IS APPLIED TO WHEN THE LEFT WHEEL TURNS FASTER 
THAN THE RIGHT WHEEL ON AN AXLE USING A ND*SPIN DIFFERENTIAL, 

STATE THF ADVANTAGE RAINED BY THE USE Of A NO-SPIN DIFFERENTIAL, 

A fault in the conventional differential Is that if one drivinq wheel K.iS traction 
and <;p1ns, the other wheel trtiich has more traction remains stationary and does not drive the 
vf;hicle. In order to overcome this* several devices have been employed from time to time. 
One device is the hand*-controlled differential lock. This is simply a doq clutch, controlled 
hv a hand lever, which clutches one axle shaft fast to the differential case and differential 
drive rinq qear. This forms a riqid connection between the two axle shafts and makes both 
wheels rotate at the <;ame spee<1 as the differential drive rinq qear while the differential 
lock i*i enqaqwl. This device is used yery seldom, prohably hecause a driyer often forqets to 
di<;enqaqe the differential lock hefore the differential action is aoain requi'^ed. Automatic 
device*; for dninq almost the same thinq have heen desiqned. One of these, which is rather 
exten<;1veW u<;ed todav. Is the h1qh*traction differential. It consists of a set of 
differential ulnlons and side qears which have fewer teeth and a different tooth form from the 
conventional qears, Flqure A-*3 shows a comparison between these and standard gears. These 
differential pinions and side qear<; depend on a variable radius from the center of the 
differential olnlon to the Point where it cnmes In contact with the side qear teeth, which Is, 
in pffe * , a variable lever arm. As lonq as there Is relatlye motion between the pinions and 
Side q'..*s, the torque is unevenly divided hetween the two drivinq shafts and trtieels; trtiereas, 
with thp fj<;udl differential, the torque Is evenly divided at all times. With the 
hiqh-tractlon differential, the torque hecomes qreater on one urtieel and less on the other as 
the Dinlon*; move around, until both wheels start to rotate at the fame speed. When this 
occur*;, the relative motion hetween the Dinlon and side qears stop! and the torttue on each 
wheel k aqain eoual, ThK device assists considerably 1n start1n<t the vehicle or keeping It 
rollinq in case*; where one wheel encounters a slippery sPot and 1oS€^ traction trtiile the other 
whpel K on a firm <;Pot and has traction. It will not work, however, when one wheel loses 
traction rnmpletely. In this re<;Dect it Is inferior to the differential lock. 
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Flq fi-2. CoftventtoMl dtffereftttal . 




Flq fi-3. ComoarUoft of htqh-tractton dlfferertttal gears and standard differential qears. 
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No-Spin differential 



fipneral , To provide a means nf Improving tractive effort at the driving wheels v^hen 
onf* K*hPf*l tf*nrts to slip from Inss of traction* It Is necessary tdat the differential prevent 
actual sllpoaq** anrt supply tnrgue to the driving wheels only to the extent that the wheels can 
ijtni/P thp torqijp without sllDplng. The No-spin differential utilizes a pair of toothed 
clutches to <to thU. 

C o nstruction . The No*sp1n differential (fig 6*4) does not contain pinion gears and 
sidp qparT as does the conventional differential. Instead* It consists essentially of a 
spider attached to the differential drive ring gear through four trunnions* plus two driven 
rhjtrh memh^^s with side teeth that are Indexed by spring pressure with side teeth In the 
spider. Two side members are spllned to the wheel axles and In turn are spllned Intn the 
driven clutch members. 



Operatinn In turning . The center cam (fig 6-5) In the spider Is held in place by a 
snap ring that permits the center cam to rotate but does not permit It to move laterally. 
When making a right turn* the right driven clutch member remains fully engaged with the spider 
clutch teeth (fig 6*f>). The spider clutch teeth (the driving teeth) drive the right (Inside) 
whe<*l at differential drive ring gear speed. The left wheel (outside) covers a greater 
distance and must turn faster than differential drive ring gear speed. The differential must 
permit this action since* as the left wheel begins to turn faster* the left driven clutch 
member alsn turns faster than differential drive ring gear and spider speed. As the 
left-driven clutch member beqlns to turn faster* the cam lobes or ramps on Its edge ride up on 
the cam lobes on the center cam. This action pushes the lefV-drlven clutch member away from 
the spider so the Clutch teeth disengage. This action Is shown in figure 6-7. As the crest 
of the ramp is passed* soring pressure forces the teeth of the driven clutch member back Into 
full engagement with the teeth on the spider. But the action Is repeated as long as the left 
wheel turns more rapidly than the right wheel. Full drive is applied to the right wheel; no 
drWe Is applied to the left wheel. But as soon as the vehicle completes the turn and the 
left wheel slows down to right-wheel speed* driving power Is applied egually to both. For a 
left turn* the action Is similar except that full drive is applied to the left wheel; the 
right wheel turns more rapidly than the left wheel. 




Fig 6-4. No*sp1n dif ferent1al-*d1sassembled view. 
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Flq 6-5. Construction of center cam. Fig 5-6. Operation of No-spin differential during 

a turn. 




Flq 6-7. Action of center cam during a turn. 



Tractive ^ff*ft . With this differential^ one wheel cannot spin because of loss of 
tractive effort and thereby deprive the other wheel of driving effort. For example^ one wheel 
Is on Ice and the other wheel Is on dry pavement. The wheel on ice Is assumed to have no 
traction. However, the wheel on dry Pavement win Pull to the limit of Its tractlonal 
resistance at the Pavement. The wheel on ice cannot spin because wheel speed Is governed by 
the speed of the wheel applying tractive effort. 
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M lent type of no*spin rUfferenttal (fig 6»8), In the silent type of No-spin 
dtffprpntial* the construction is very stmitar to the unit rlescrlbed earlier in this study 
unit. HowPV4?r, the tenter cam has wirier teeth to carrv the two sets of cams In each driven 
rlijtrh mfmhpr. Onp ^pt fixed, the olher ts able to rotate In one direction or the other a 
fpw dptirpps wHh rPSpK.t to the fixed set. The rotatable or ho' ♦ .t cam ring Is slotted* and 
a kpv (n the spider fits this slot to limit the Independent rot ; * n of the cani« The key also 
limits the rotation of the center cam* In operation, when one wheel Is turning faster than 
the other (as In rounding a turn), the faster turning spllned side member and driven clutch 
mmber causes the ramps on the center cam and driven clutch member cam to push the driven 
rlutth mmher awav fr«n thr spldf'r* This action Is similar to that described for the other 
N(i-^Pln differential. The teeth brc :;eparated so no driving can take place. In this unit, 
however, the teeth do not repeatedlv Index because the rotatable c^m, left slightly behind, 
prevents this. The ramps on the rotatable cam are halfway between the ramps on the fixed cam 
of the driven c*utch member. The staggered ramps will not permit tooth engagement. As ^oon 
as the turn Is completed, the driven clutch member slows down to sPlder speed, the ramps 
real Ine, and engagement of the teeth takes Place, 




Fig 6*8« Silent type Af No^spln dlfferentlal-^disassembled view. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit, 

1, When one wheel loses traction completely on a v^lcle using a high-traction 

differential, the torque Is delivered to the wheel with 

traction, 

2, When tbe left wheel turns faster than the right wheel on an axle assembly using a 

NO'SOln differential, full driving torque 1$ applied to the 

wheel , 

3, The advantage that Is gained bv thf^ use of a No-^$pin differential Is that torque 
is delivered to the wheel with the ^ traction. 



Section IIT, AXLE ASSEMBLIES 

Work Unit 6-4, GENERAL 

WRITE THE DEFINITION OF UIVE AXLE," 
Live axles 

General, A live axle 1$ one that supports part of the weight of a vehicle and also 
drives the wheels connected to It, The term Is applied to the entire assembly, which consists 
of a housing containing a bevel drive pinion, bevel drive gear differential and axle shafts 
together with their bearings and sometimes, additional mechanisms. The term 1 Ive axle is 
opposed to the term dead axle, A dead axle Is one that carries part of the weight of a 
vehicle but does not drive the wheels. The wheels rotate on the ends of the dead axle. The 
ustjal front axle of a passenger car Is a dead axle, and the rear axle Is a live axle. In 
d-wheel crive vehicles, both front and rear axles are live axles, and In 6-wheel drive 
vehicles all three axles are five axles. 



FXERCISC: Kn%mr the fnllnwinq question anrl check your rftSPnnse aqalnst the one llst^rl at 
thfi of this sturlv unit, 

1, Thr term *'1iVf» axle** rlescrlhes dn assemhlv In which the wheels are driven by the 

Work linn fi-?;, TYPES OF AXLES 

NAMF THF TYPE OF AXLE SHAFT BOLTED TO THE WHEEL HUB THROUGH THE AXLE FLANGE- 

NAME THE AXLE SHAFT THAT rAH BE REMOVED WITHOUT REKOVIHfi THE WHEEL- 

There are fnur tvpf»s of live axlf^s: Plain* semlf loatlnq* three-quarter floatlnq* and 
ftjU-f InatlnQ- These are rllstlnqulsherl hv the wav In ifihlch the axle shafts are connected and 
the stresses thev must carrv- 

Plain rear axles . The Plain* or nonfloatinq* rear axle was one of the first used- In 
It, the axle shafts are supported In the housinq hv roller hearlnqs at the center and outer 
ends- The rear wheels are keyed on tapers at the outer ends of the axle shafts and held by 
castle nuts and cntter oins. In addition to turoinq the wheels* the rotatinq axle shafts 
carrv the entire *«1qht of the rear of the vehu** im their outer ends- All stresses caused 
hv bjrninq corners* sklddinq* or hv wobblinq wheels are taken bv Uie axle shafts- The 
differential side qears are keyed on the inner ends of the axle shafts which carrv the welqht 
nf the differential case- The stresses created hv the operation of the differential are taken 
hv the axle shafts- Side thrust on the axle shafts is taken care of by the roller be<.r1nqs* 
and hall hearlnqs are provided at each side of the differential case to take care of end 
thrust- This tvpe rear axle is now obsolete, 

Semlflnatinq rear axle - The semlfloatinq rear axle fflq fi-qi* is used on most 
Passenq«r and llqht cofnnerciai vehicles- The orlnclPal difference between It and the Plain 
live axle Is in the manner of suoportinO the differenial assemhlv- In the plain live axle* 
the differential case Is carried on the Inner ends of the axle shafts- In the semlfloatinq 
axle, it U carried hv hearlnqs mounted In the differential carrier- The axle shafts are 
spllned to the differential side qears- This relieves the axle shafts of the welqht of the 
d1ffer*>ntial aiid the stresses caused hv Its operation which are taken hv the axle houslnq- 
The Inner ends of the axle shafts transmit onlv tuminq effort* or torque* and are not acted 
ijpnn hv anv nther force- Thev are said to he floated- The wheels are keved to the outer ends 
nf the axle shafts, and the outer hearlnqs are"Befween them and the housinq as in the Plain 
live ajtle- The axle shafts take the stresses caused hv turninq* sklddinq* or wobblinq of the 
wheels- In hoth the olain and semlfloatinq live axles a wheel can come off If an axle shaft 
breaks or twists off. 




Flq Semifloa^^iM rear axle- 



Three-quarter floatinq rear axle (rlq fi-lO*, The three-ouarter floatlnq rear axle ^5 
u^ed on a few passenqer cars- The inner ends of the axle shafts are sometimes secured with 
nuts and the axle shafts cannot he withdrawn without removfiq the differential cover- In 
other deslqns* the axle shaft can he withdrawn after the nuts holdinq the hub flanqe have been 
removed- The wheels, hnwever, are supported bv hearlnqs on the outer ends of the axle tuhes- 
The housinq* Instead of the axle shafts* carries the welqht of the car- Since the wheel Is 
rlqldlv keyed on a taoer at the end nf the axle shaft* as In the semlflnatinq axle* the 
stresses caused bv the tuminq, siciddinq* and wohhllnq of the Wheels are still taken by the 
axle shaft - 
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Flq 6-10. Three-quarter floating rear axle. 



full-floating rear axle (fig 6-11). The full-floating rear axle Is used on most heavy 
trucks. It is the sane as ihe three-guarter floating axle, except that each wheel Is carried 
on the end of the axle tube on two ball or roller bearings and the axle shafts are not rigidly 
connected to the wheels. Each wheel Is driven through a dog clutch, through a spline clutch, 
or through a flange on the end of the axle shaft that Is bolted to the outside of the wheel 
hub. The latter construction Is frequently used but Is not truly full-floating, since there 
Is a rather rigid connection between the axle shaft and the wheel hub. With the true 
full-floating axle, the axle shaft transmits wily the turning effort or torgue. The stresses 
caused by turning, skidding, and wobbling of the wheels are taken entirely by the axle housing 
through the wheel bearings. The axle shafts can be removed and replaced without removing the 
Wheel or disturbing the differential. Most military all -wheel -drive trucks have full-floating 
axles. 




Fig 6-n. Full -floating rear axle. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The type of axle shaft that Is bolted to the wheel hub through the axle flange Is 
the 

?. The axle shaft that can be removed without removing the wheel Is the 



Work Unit 6-6. TYPES OF REAR AXLE ASSEMBLIES 

NAME THE REAR AXLE SPIRAL 6CVEL THAT THE DRIVE PINION IS CONNECTED TO AT THE 
PROPELLER SHAFT. 

STATE WHAT HYPOIO GEARS REQUIRE BECAUSE OF THEIR DESIGN AND OPERATION. 

WHEN THE VEHICLE OPERATOR SELECTS EITHER OF TWO AXLE GEAR RATIOS BY MANUAL 
CONTROL, NAME THAT AXLE. 
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Semlf Toatlnq. F1qur<* shows a semlf loatlnq rear axle of the type generally used 
in passonqer cars. The final rir1v*> consists of a splraNhevel pinion anrl gear. Spur qfars 
wre ft>rm*>rlv usfd for this purpose^ but thev have been generally replaced by spiral-bevel 
goars h*»raiis<* thoso run morp guletlv. The drive Pinion^ which Is connected to the propeller 
shdft hv the companion flange ffig f^'\2)^ runs In two tapered roller bearings mounted In the 
differential carrier and Is considered a part of the rear axle assembly* The drive pinion 
meshes with the solraNbevel drive gear which Is riveted to the differential case. The 
differential case rotates In tapered roller hearings mounted In the differential carrier. The 
Inner races of these bearings fit on machined extensions on each side of the case and the 
outer races are held in brackets cast Integral with the differential carrier. The 
differential carrier Is a casting which holds the final drive and differential. It Is 
inserted In the forward opening of the rear axle housing and fastened with cap screws through 
d gasket to make the ,1o1nt oil tight. The axle shafts are spllned to the differential side 
gears, Mdchlned hub extensions on these gears rotate in plain hearings in each side of the 
differential case. The rear axle has two differential pinions. The path of power 
transmission is from th& Prnoeller shaft to the pinion drive shaft and pinion^ to the 
solral-bffvel drive gear^ to the differential case^ to the differential pinions^ to the 
differential side gears^ to the axle shafts^ to the wheels. 




Fig 6*1?, Semlfloating rear axle with a splraNbevel qear. 



Hypoiri , HVDold gearing has come Into rather extensive use In late vears^ mainly for 
passenger cars, A portion of a hyoold rear axle Is shown In figure 6*13, This rear axle Is 
practically the same as the splraUbevel gear rear axle« except that the drive Pinion and 
bevel drive gear are cut with a somewhat different tooth form which permits the drive pinion 
to mesh with the bevel drive gear below the center of the latter. This construction allows 
*he propeller shaft to be lowered and sometimes makes a shaft tunnel In the floor of the rear 
oartment of the vehicle unnecessary. Due to their design^ hypold gears operate under 
:rr v'elv high tooth Pressure and reguire a special hypold lubricant, 

Mnrm gear . The worm qear rear axle ffig Is used In some trucks mainly because 

It allows a large speed reduction. The threads on the worm are similar to screw threads and 
may he single^ double^ triple^ or guadruple. The worm meshes with a worm gear having helical 
i;^>eth cut In its outside circumference. The worm may be compared to a screw and the worm gear 
tn a nut* As the worm rotates^ It Dulls the worm gear around. The worm Is usually made of 
steel and the worm gear of bronze. The driving worm may be mounted at either the top or the 
hnttom of the worm gear, RrJt It Is usually necessary to place the worm at the top In order to 
atlnw sufficient road clearance under the rear axle housing* The rear worm bearing must be 
very strong and rugqed since It takes the entire thrust reaction from driving the worm gear, 
Tf olav develops In the worm because of wear, this bearing must also withstand repeated 
impact, Whf^ the vehicle Is operated In reverse^ or when the road wheels are driving the 
m(?chanism^ the front bearing resists these forces. Sometimes a worm of hourglass form Is used 
tfi the worm gear as It provides more tooth hearing surface and« conseguentl v« less stress In 
the teeth. 




Flq 6*13. Hvpold rear axle. 




Flq 6-14. Uonn qear rear axle. 



Double reduction . Double-reduction rear axles are often used for heavy-duty trucks. 
A usual (teslqn of the full*f loatinq type Is shown disassembled In flqure 6-15 and In sectional 
vlpw In flqure 6-16. The first qear reduction Is obtained throuqb a splraUbevel pinion and 
qear as In the common sinqle-reductlon rear axles. The bevel pinion runs In brackets mounted 
on the differential carrier In two roller bearlnqs. The bevel qear Is mounted rlqidly on a 
propeller shaft with a sour pinion that runs on roller bearlnqs at each end; these are also 
mounted In the differential carrier. The spur pinion drives a spur qear which Is boUed to 
the differential case. These parts are shown In their proper relative positions In fiqure 
fi-15. 
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F^q 6-15. 6ear arranqement In (iouble-reductlon rear axle~exPloded view. 




F1q 6-16* Gear arrartgemertt In double-reduction rear ax1e»assemb1ed view. 



Dual ratio . Dual ratio* or two^speed* rear axles are sometimes used on trucks and 
passenqer cars. Tney contain two different qear ratios which can be selected at will by the 
driver, usually by a manual -control lever. A dual-ratio rear axle serves the same purpose as 
the auxiliary transmission and« like the latter* It doubles the number of gear ratios 
available for driving the vehicle under the various load and road conditions. This type rear 
axle Is shown In a cross sectional view In figure 6-17. It Is driven by the conventional 
spiral-bevel pinion and differential drive rinq qear« but a planetary qear train Is Placed 
between the differential drive rinq gear and differential case. The Internal qear of the 
planetary train Is rlqidly bolted to the bevel drive qear. A rinq on which the planetary 
qears are pivoted Is bolted to the differential case* A member* consisting of the sun qear 
and a doq clutch, slides on one of the axle shafts and Is usually controlled by a hand lever 
accessible to the driver. When this sliding part Is In the hlqh-ratio position* the sun gear 
meshes with Internal teeth on the rinq carryinq the planetary qears and disenqaqes the dog 
clutch from the left bearlna adiustinq rinq which Is rlQldly held In the differential 
carrier. In this position fflq 6-18)* the planetarv qear train Is locked toqether, there Is 
no relative motion between the qears In the planetary train* and the differential case Is 
driven directly by the differential drive rinq gear the same as In the conventional 
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sinqle-ratio rear axle. In the low-ratio position (flq 6-19), the sun qe«r Is slid out of 
mesh Mith the ring carrying the planetary gears, and the dog dutch makes a rigid connection 
Mith thf> Uft hearing adjusting ring «td remains stationary. The Internal qear rotates the 
p1 anptary qoiir*> ttrnwA the stationary sun gear and the differential case is driven by the rlny 
on which thf> planpt/trV qpars are pivoted. This action produces the gear reduction, or low 
speed, of the axle. 
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Fig 6-17. Dual-ratio rear axle. 
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Flq 6-18. Position of gears for high ratio. 




Flq 6-10. Position of gears for low ratio {Planetary gears are free to rotate). 



Double-reduction^ dual-ratio . Double-reduction^ dual-ratio rear axles are also 
sometimes used tn heavy-duty motor vehicles. Rear axles of this type combine the feature of 
the double-reduction and dual-ratio axles In one unit. A popular design Is shown In figure 
6-20^ with Part of the differential housing cut away. A spiral-bevel pinion drives a 
Propeller shaft through a spiral -bevel drive gear. Two helical pinions of different sizes and 
a two-wav doq clutch are mounted on the propeller shaft. The two helical pinions rotate 
freely on the propeller shaft through bearings. Thev are In constant mesh witl' two helical 
gears of correspondingly different sizes, both rigidly mounted on the differential case. The 
sliding dog clutch Is controlled by a hand lever and clutches either one of the helical 
Pinions fast to the propeller shaft. The clutch Is shown In the low-speed position In figure 
6-?0. The drive Is from the propeller shaft to the drive pinion, to the bevel drive gear, to 
the Propeller shaft, to the right helical pinion, to the right helical gear, to the 
differential case, to the differential pinions, to the differential side gears, to the axle 
shafts, to the wheels. When the dog clutch Is In the high-speed position (moved to the left), 
the drive Is the same except that It Is through the other pair of helical gears. 
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Flq 6»20* Double-reduction^ dua1*rat1o rear axle* 

EXERCISE:: AnswfT the foDowInq questions and check your responses aqalnst those listed at 
the «nd of this study unit* 

1, The rear axle sDlra1*beve1 drive Dinlon Is connected to the propeller shaft by 
the 

2* Due to their deslqn and operation^ hypold qears require a 



3* When a vehicle operator can select either of two axle qear ratios by manual 
control^ the axle Is referred to as a axle* 

Work Unit f>*7« FOUR*REAft*UHEEL DRIVES 

STATE WHAT JOINS AN AXLE ASSEMBLY TO A BOGIE SUSPENSION* 

Dual wheel s * Motor vehicles that carry extremely heavy loads are often equipped with 
four rear wheels In order to Increase traction and to avoid excessive welqht on the rear 
tires; that 1s« the welqht of the load Is divided among twice as many tires as when only one 
rear axle Is used* Dual wheels are qenerally used with this arranqement; therefore^ the 
welqht of the rear of the vehicle and load Is divided among elqht tires Instead of four* 

Bncles * Different sprinq suspensions are used« but the bogie Is most general* A 
hoqie consists of two axles jointed by a trunnion axle* The trunnion axle passes directly 
beneath the rear crossmember of the frame* 



Independent shafts * Vehicles having this equipment may be either A* or 6^whee1 
drive* Sometimes tne dual rear axles are driven by Independent propeller shafts fflg f>*21) 
from a t^'ansfer assembly* In this case^ the Propeller shaft to the rearmost rear axle Is 
divided Into three Parts^ the short middle Part Passing through bearlnqs mounted on the 
forward rear axle* The transfer assembly may contain an Interaxle differential^ but usually 
does not* 

Tandem drives * Another arranqement Is the tandem drive (flqs 6*22^ 6*23^ and 6*24)^ 
employinq ciouhle»reduct1on axles* A sinqle propeller shaft from the transmission transfer 
as5;emMy Is connected to the forward rear*axle drive Pinion throuqh a shafts and another short 
interaxle prop**ller shaft connects the drive pinion shaft of the forward rear axle with the 
drive Pinion shaft of the rearward rear axle* Ordinarily^ no Interaxle differential Is uscd^ 
hut one which Is built Into the forward rear axle Is sometimes used* With the tandem drlve^ 
no transfer assembly Is required If the vehicle drives on the four rear wheels only* If the 
front wheels are also driven^ a transfer assembly Is required* 
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F1q 6-21* Boqie 4-whee1 drive with Independent DfODe11ef shafts* 





Fiq 6-22* Tandem dual-fear-axle arrangement with double-reduction 
final drives dnd power divider* 
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F1q 6-23. Another type of tandem dual-rear-axle with 

double-reduction final drives and power divider. 




FXFRCI!;^: Ansv«er the following question and check vour response against the one listed at 
the end of this study unit* 

K Axlp assemblies of a boqie suspijnslon are joined by a 

axle* 



Work Unit M* FRONT-WHEEL DRIVES 

IDENTIFY THE TYPE OF JOINT USED IN A LIVE FRONT AXLE THAT PROVIDES THE ABILITY TO 
STEER* 

STATE HOW TO ELIMINATE EXrESSIVE TIRE WEAR ON DUAL WHEELS* 

In 4- or f>*whee1 dr1ves« the front wheels are driven through a driving axle assembly 
verv similar to a rear axle* It may be of the single* or doub1e*reduct1on type* Front-wheel 
drives are ordinarily Hotchkiss drives with the front springs pivoted at the rear and shackled 
at the front* Axles are of the full-floating type* As In the case of rear live ax1es« the 
axle housings are usually built up« but they may be pressed steel for light vehicles and 
single-piece castings for extremely heavy-duty vehicles* The split-type housing Is frequently 
u^ert* The principal difference between front live axles and rear axles Is that In front*whee1 
rlr1ves« provision must be made for steering* In rear driving axles« the axle shafts are 
directly connected to the wheels* Since the front wheels must turn on the steering knuckle 
Plvots« they are usually driven by the axle shafts through universal iolnts concentric with 
the steering knuckle Pivots* Figure 6-?6 shows the housings of the steering knuckle Pivots 
and constant-velocity universal joints* as well as the tie rod« brakedrunis« hub flanges* and 
wheel mounting studs for a typical front live axle assembly* A type of front-wheel drive 
which drives the front wheels through gearing and permits them to steer without the use of a 
universal .ioint Is shown In figure 6-27* It has been used to a very limited extent* A 
sp1ra1-hevel pinion keyed to the end of the axle shaft drives the lower half of a double bevel 
gear on the lower end of the steering knuckle Divot* The top half of the double gear meshes 
with a fourth gear that Is Integral with the wheel hub* The gear and hub turn on the steering 
knuckle* When the wheels are cramped« the bevel gear on the wheel hub rotates around the 
heve1 gear on the steering knuckle pivot* 




Fig 6-?S* Arrangement of transfer assembly, propeller shifts, universal joints, 
and live axles for 4-whee1 drive* 
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Fig 6-26. Front live !:.<le assembly. 




Flq 6-27. Helical gear steering for front-wheel drive. 



Interwheel differential 

One of the latest developments In front-wheel drives Is dual wheels having an 
Interwheel differential which makes them easily steerahle. Each wheel Is egulpped with its 
own brake. Vertical steering knuckle pivots are used. Hie differential Is of the spur-gear 
type, the pinions having a tooth form that gives It the same action as the high-traction 
differential. When dual front wheels are used fn addition to dual r-jar wheels, a greater 
portion of the total load can be carried by the front axle. This makes possible a greater 
Pavload without Increasing the overall length of the velilcle. InterVheel differentials can 
also he used for front dead axles» live rear axles, tandem rear live axles, and trailer dead 
axles to provide for the difference In distance traveled by each of vhe pair of dual wheels In 
rounding curves, and for the different rolling radius of each of the dual wheels caused by the 
crown of the road. ruts, etc. It Is thought that a great saving In tire wear results because 
of ^he elimination of slippage which must occur when dual wheels are rigidly bolted together. 

EXERCISE: Answer the following guestlons anA check your responses against those listed at 
the end of this study unit. 
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U What type of Joints Incorporated Into a live front ax1e« provides the ability to 
steer? 

a« Ba11-and-^trunn1on Joint 

Conventional universal Joint 
c, Cbnstant^veloclty :to1nt 
d< Live axle Joint 

2, Excessive tire wear on dual wheels can be eliminated by use of ^_ 

differentials. 



Work Unit 6-9, POWER DIVIDER 

STATE WHAT IS USED IN THE DRIVING CAGE TO ENABLE IT TO DRIVE THE BEVEL PINIOK* 
Power divider 

• 

The forward rear axle Is the fulKfloatlng^ doUble^reductlon type havinq a 
splral^bevel Pinion and gear for the first reduction^ and a spur pinion and gear for the 
second reduction. The splraUbevel pinion Is driven through a power divider which also drives 
the rearward rear axle through a shaft that Passes through the pinion of the forward rear 
ax1e« and Is attached to the forward end of the Interaxle drive shaft (fig 6*24)* 

The Power divider Is attached to the forward end of the gear carrier^ which Is mounted 
on the upper side of the axle housing* Both forward and rear axles are driven from the 
forward drive flanqe through the power divider by means of a driving cage carrying two 
parallel rows of radial wedges or plungers engaging at their outer ends with Internal (female) 
cams on a cage which drives the bevel pinion of the forward rear axle. At their Inner ends 
the plunqers engage with external (male) cams on the Interaxle drive shaft which drives the 
bevel Pinion of the rear axle* Due to the wedging action between the cams and the plungers^ 
they rotate together with no relative movement^ unless running conditions require a 
differential cctlon* 

Whenever either the f(rward or the rear pair of wheels tends to run ahead of the other 
pa1r« due to slippage or uneven road surfaces^ there Is a relative movement of the external 
and Internal carns^ which Is permitted by the sliding of the radial Plungers In the driving 
cage* This restricted movement provides a differential action which apportions the driving 
effort to the two Pairs of wheels to provide the maximum tractive effort* The wheel spindles 
are pressed Into the axle housing^ and the brake assemblies ire carried by Integral flanges* 
The underslung sprlnqs^ which tie the two rear axle housings together In parallel relation^ 
are attached by me vis of rubber shock Insulators set In sockets on the bottom of the housing^ 
and retained by caps* 

A bal1-,1o1nt torque rod« between the top of the gear carrier housing and a chassis 
frame crossmember^ takes the torque Imparted to the axle assembly by the driving a^d braking* 

Servicing md repairs of the final drlve^ differential assembly^ and axles^ basically 
known as axle assembl 1es« will be covered on the MM series vehicle* The servicing and 
maintenance Is second echelon* A11 Information can be found In TM9-23?0*2U-20« 
Organizational Maintenance Manual* 

Starting with Table 2*2, Preventive Maintenance and Services page 2-8, sequence 
nunber Running Gear, tighten axle shaft drive flange bolts to 70-80 ft**lbs* Inspect 
propeller shafts and universal ;1o1nts for loose bearings, damaged seals, damaged lube fittings 
and bent shafts* Inspect for looseness of bolts* Replace damaged components and tighten 
loose hardware* 

Table 2-3, Troubleshooting, will further aid In the servicing and repairs process, 
Paqe ?-17, Front and Rear Axles* 

Table 2*1* Troubleshooting, front «td rear axles, organizational maintenance manual* 



Front and Rear Axles 



HALFUNCnOW 



PROBABLE CAUSE 



CORRECTIVE ACTION 



Difficult to turn steering 
wheel 



a* Hydraulic power unit 
Inoperative* 
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Check oil level In steerlno 
system (LO 9-2320-aU12)* 
Notify support maintenance 
personnel* 



Tah1e 2*3* TroUbleshootluq^ ft *nt rid rear axtes^ orqvtlzatlonal maltitenanCA manual 
fcontUiued)* 



MALFUNCTION 



Hard steering; wanderlnq- 



Continuous axle noise* 



Excessive backlash In rear 
axle drive flanqe. 



Front and Rear Axles 
PROBABLE CAUSE 
b< Tires underlnflated* 

c* Lack of lubricant* 

d< Bind In steerinq knuckles. 



a. Axle shifted. 



b. Power steering systnnt 
Inoperative* 

c. Tires unequally Inflated* 



d. Front wheel bearings out of 
adjustment. 

e. Insufficient toe-In. 

a. Uhdel bearings In need of 
lubrication. 

b. Front or rear wheel out of 
adjustment. 

c* Tires Improperly Inflated 
or damaged. (If noise Is 
caused by tlres^ noise will 
disappear when vehicle 1"^ 
driven over soft terrain.) 

d. Loss of lubricant. 

a. Axle flange nuts loose. 

b« Ring gear and pinion out 
of adjustment or worn 
excesslvel y. 



CORRECTIVE ACTION 

Check tire pt^essure md 
Inflate as specified on 
servicing data plate 
affixed to Instrumnt 
panel . 

Lubricate steering knuckle^ 
tie rods« and drag link 
ends according to 
LO-9-2320-211-12- 

Jack up the front axle to 
clear wheels of the ground. 
Olsconnect the drag link 
at the steering lever left 
end assembly. Turn wheels 
from side to side. If 
binding^ disconnect one 
end of the tie rod from 
the steering lever. If 
binding persists and 
lubrication does not free 
the knuckle, notify 
supporting maintenance 
personnel for replacement 
of the front axle assembly. 

Measure from the front spring 
rear eye to a fixed point 
on the axle. Compare with 
a like measurement on the 
opposite side. If they do 
not agree. Inspect for a 
broken front spring main 
leaf and center bolt. 
Check for loose or broken 
U bolts or springs. 
Replace defective parts. 

Check oil level In power 
steering oil system ond 
add oil If necessary* 

Check tire Inflation and 
Inflate properly. See 
servicing data. 

Adjust wheel bearings. 

Check toe-in. 

Lubricate bearings according 

to lubrication order 

(L09-2320-2n-12)- 
Check bearings for wear and 

adjustment. 
Inflate tires properly 

(TM9-2320-211-10). 



Clean breather vent. 

Tighten nuts to a torque of 

IfiO ft. -lb. 
Replace axle assmbly. 

Notify supporting 

maintenance. 
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Table 2*3< Troub1eshootlnq« front ind rear ax1es« orgt.n1zftt1ond1 maintenance manuAl 
(continued)* 



Front and Rear Axles 



KAL FUNCTION 



PROBABLE CAUSE 



Excessive or uneven tire v«ear< a< Impro^^c wheel a11nement< 



Binding In front aj*e shafts* 



b< iniproPer braking* 

c. Improper tire Inflation, 

a. Excessively worn universal 
Joints, 

b. Spacer washer not Installed 
In the axle shaft. 



CORRECTIVE ACTION 

Adjust toe-In, if this does 
not correct the deficiency^ 
notify supporting 
maintenance personnel, 

Adjuft brakes. 

Inflate tires evenly. 

Replace worn parts. 

Check the end plug of the 
shaft by moving the shaft 
In and out of the housing. 
Install a spacer if 
movement Is over 1/16 
Inches, 



Maintenance of front axle 



General 

The front axle assembly Is a h)i>o1d« doUble*rediJct1on« slngle^speed tjpe, 
secured to the underside of the front springs. 



It Is 



Breather vent 



Caution: Ensure that the area surrounding the breather valve has been thoroughly 
cleaned so that foreign matter will not enter the axle assembly when 
removing the ventilation valves. 

Removal , Remove the air breather valve by turning It couterclockwise. 

Cleaning 

Soak the ventilation valves In a drycleaning solvent or In mineral spirits paint 

thinner. 



Thoroughly brush the valves with a st1ff*br1stle brush. Ensure that passages are 
clean and that the valves caps move freely. 



If necessary^ use a soft metal rod to remove obstructions. 



Use compressed air to dry out the valves. 

Lubricate the valves sparingly with clean engine oil (OEl, 



Installation , Secure the breather valve by turning It clockwise and tightening It In 

pi ace. 



Maintenance of rear axle 



General 



Two Identical rear axle assemblies, mounted In tanddn, are included In the rear 
suspension system (fig 6*28), The rear axle assembly Is a hypold, double*reduct1on« 
s1nqle*speed t)i>e. Three Identical torque rod ass bl1es« two at the right end of the axle 
and one at the left end of the axle^ connect each tear axle assembly to the rear suspension 
brackets. These torque rods not only maintain the correct relative positions of the rear axle 
assemblies but also transmit driving and braking forces from the axles to the frame, A 
differential and carrier assembly^ mounteo at the top center of the axlA housing transmits 
Power from the transfer-to»forward»rear»axle and forward»rear»axle»to»rear-axle propeller 
shafts (fig 6-28) to the left and right drive shafts Inside the axle housing. 
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NUT ANO 
WASHER 



SCREW ANO 
WASHER 



Flq 6-28. Re?r suspension system. 



Maintenance 

Lubricate the rear axle assembly In accordance with LO 9-2320-2U-12. 
Axle shaft 

Removal . Remove the 10 screws and lock washers securing the axle drive flange {fig 
6-29) to the hub and drun assembly. 




Remove the axle shaft by pulling on the axle drlva flanqe (fig 6*29). Remove and 
discard the flwge gasket. 

Installation . Slide a mm gasket (fig 6*29) over the spllned shaft end and hold the 
gasket In position on the fldnge. 

Insert the spllned end of the shaft In the hub. Push the axle drive flange Inward 
toward the tenter of the truck. Carefully guide the shaft spllned end into the spllned 
differential side gear. 

Aline the ten drive flange holes with the ten match, .g holes In the drum. Install ten 
strews and lockwashers. Tighten the strews to 70**80 ft.*1b. torque. 

Breather vent 

Refer to previous paragraph « Malntenante of front Axle. 

EXERCISE: Answer the following question and theck your response against the one listed at 
the end of this study unit. 

1. The power divider drives the axle bevel pinions by means of a driving taqe 

tarrying . 



SUMMARY REVIEU 

In this study un1t« you learned about the final drives and their purposes. You tan 
Identify the purpose of various types of differential assemblies^ axle assemblies^ front*whee1 
drives^ Interwheel differentials^ and power dividers. You have learned how to servlte and 
repair these tonponent parts. 

Answers to Study Unit #6 Exertlses 

Work Unit 6-1. 

1. direction^ power flow 

2. hypold gear 

3. 4:1 

Work Unit 6-2. 

1. differences* turns* torner 

2. differential tase 

Uork Unit 6-3. 

1. no 

2. right 

3. most 

work Uhlt 6-4. 

1. axle assemblies 
Work Unit 

1. full-floating 

2. fu11-f1oat1ng 

Work Unit 6-6. 

1. companion flange 

2. special lubrltant 

3. two-speed 

work Unn 6-7. 
1. trunnion 
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Work Unit 6*8. 

Intfrwheel 
Work Unit 6-4. 

1. radial wedges 



AUTOMOTIVE POWER TRAINS 



Review Lesson 

INSTRUCTIONS: This review lesson Is deslqmd to aid vou In preparlnq for your final exam. 
You should try to complete this lesson without the aid of reference materials, but If you do 
not know an answer* look It up and remenrtter what It is. The enclosed answer sheet must be 
filled out according to the Instructions on Its reverse side and mailed to MCI using the 
envelope provided. The questions you miss will be listed with references on a feedback sheet 
fMCI-R69) which will be mailed to your coomandlng officer with your final exam. You should 
study the reference material for the questions you missed before taking the final exam. 

A. Matchinq: Hatch the numbered Items (questions 1-16) In column 1 with their corresponding 
letter Item In either the Illustrations or colunn 2. For each Item select ONE letter (a. 
h. c, or d.) to Indicate your choice. Blacken the appropriate circle after the 
corresponding nunber on the answer sheet. 

Value: 1 point each 

Questions 1-4 pertain to the figure below. Natch the elements with the corresponding 
letter. 




Cblumn 1 Cblumn 2 

1. Clutch location (See Illustration) 

?. Transmission 

3. Transfer assonbly 

4. Universal joints 



Questions 5-6 pertain to the flqure below* Hatch the elements with the corresponding 
letter* 




Coluitn I 

5* Slip joints 
6* Propeller shaft 
7. Final drive 
ft* Differential 

for Items 9-I6« match the elements with purpose* 
Colunn 1 



Column 2 
(See Illustration*) 



9* Transfer 
10* sup joints 
11* Final drive 
12* Transmission 



13* Differential 

14* Clutch 

15* UMversals 

16* Propeller shaft 



Column 2 

a* It transmits the power flow from the 
propeller shaft to the differential* 
b* It allows the propeller shaft to lengthen 

or shorten as required* 
c* It permits power to be divided to both 

front and rear propeller shafts* 
d* It Provides the mechanical advantage that 
enables the engine to propel the vehicle^ 
and provides a selection of vehicle speeds* 

a* It Is the means by which the operator can 
disconnect the toroue of the engine from 
the power train* 
b* It carries the torque from one place to 
another* 

c* It permits difference In rotational speed 

of the ailes* 
d* If permits transfer of torque at an angle* 

e* Multiple Cholcet Select the ONE answer that BEST completes the statement or answers the 
question* Blacken the appropriate circle after the corresponding number on the answer 
sheet* 

Valuet 1 point each 

17* What are the four types of drives? 

a* Torque springs^ torque transfer^ torque tube« Hotchkiss reduction 

b* Torque rods« torque springs^ torque transfer^ Hotchkiss double speed 

c* Torque rods« torque transmission^ torque arms Hotchkiss drive 

d* Torque rods« torque aniis« torque tube« Hotchkiss drive 
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If)* What Is the clutch principle? 

a. It provlrles a means of startinq and stopping the enqine* 

h, Tt nmvlrle^ a means of connecting and disconnecting the engine torgue from the 
c1 utch< 

c, Tt provides a means of connecting and disconnecting the engine torgue from the 
poMr axle svstem* 

d. It provides a means of connecting and disconnecting the engine torgue from the 
pot^ transmission svstem* 

IQ, What fs one of the dutch elements? 

a. Operating gears c< Cross memhers 

h« Driving members d. Driving tram 

90. What are the dutch driving memhers? 

a. Clutch fork and levers 

h« Flywheel and housing 

c. Flywheel and pressure plate 

d« Pressure olate and clutch fork 

What Is a driven memher? 

a, Ben housing c. Drive shaft 

h« Clutch disk d. Flywheel 

??. Which of the follotifing Is a clutch operating member? 

a< Flywheel c. Pressure plate 

h« Transmission d. Bell housing 

73< What Is meant by this statement about the clutch? The driven disk Is firmly clamped 
between the flywheel and the pressure plate by the pressure of the springs* 

a. It Is fully disengaged* c< It Is partially disengaged* 

b. It Is fully engaged* d« It Is partially engaged* 

?4. What Is meant about the clutch from this statement? "When the pressure Is applied by 
the throt^out bearing* the pressure plate disengages from the clutch disk alloti^lng the 
clutch to come to rest*^* 

a, Tt Is fully engaged, c. It Is fullv disengaged, 

b« It Is separated, d. It Is lightened, 

^S, What method of classification Is used for automctlve clutches? 

a. According to the number of fortes and levers used 

h. According to the number of plates and disks used 

c. According to the number of transmissions and flywheels used 

d. According to the nuntber of gears and bearings used 

Select the term that further classifies clutches, 

a. Flywheel and fork c. Plates and disks 

h. Counterweight and pressure d. Wet and drv 

27. Light to medium weight use tAlch tvpe of clutch plate? 

a. Single plate c. Triple plate 

b. Double plate d. Rough plate 

7fl. Heavy weight vehicles use which tvpe of clutch plate? 

a. Heavy pldte c. Light plate 

h. Multiple plate d. Single plate 

An increase of pressure between plates Is accomplished 

a« by means of counterwe1gbt<&, c, bv means of springs. 

h, by medns of force levers, d, by means of centrifugal weights. 
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30, Servlclnq mi adjustment of the clutch Is limited to what? 

a. Replacement of dutch linkage c« Clutch disk free travel adjusttnerrt 
h. Clutch hearing adjustment d. Clutch pedal free travel adjustment 

3U Which Is NOT one of the basic tVPes of transmissions? 

a. Double spraq c. Friction disk 

b. Sliding gear d< Planetary 

32< What are tw t>pes of siloing-gear transmissions? 

a< Limited slip c< Locked and Interlocked 

b. Progressive and selective d. Positive and negative 

33< What are the two special tVPes of transmissions? 

a. Constant mesh md synchromesh c< Constant gear and synchrogear 

b< Constant running and synchronizing d. Constant slip and synchros! 1p 

34, What gear Is used on the slldlng-gear transmission? 

a, Vee tooth c. Reverse tooth 

b. Bevel tooth d« Stub tooth 

3S< What Is used to help prevent gear clashing? 

a, Synchromesh c, Synchrosllp 

b, Synchroclutch Synchrogear 

36, Where Is the gearshift housing located on the M151 series transmission? 

a< Left side c< Top 

b. Right side d< Bottom 

37< What material Is the transmission made of? 

a< Cast steel c< Cast copper 

b. Cast Iron d< Cast tin 

38< A constant mesh gear CANNOT move 

a< sideways* c< up< 

h, down* d< endwise* 

3<)< What type of gears are usually used In a constant mesh transmission? 

a< But slot gears c< Wedge gears 

b< Helical gears d< Radial gears 

40, What Is the purpose of the synchromesh transmission? 

a< Permit quiet gear shifting c< Permit loud first gears 

b. Permit lifting out of reverse d< Permit gulet damage 

4U What Is the gear ratio of two genrs with the same diameter and the same number of 
teeth? 

a< 0:1 c< 1:2 

b, 1:1 d< 2:1 

4?< What Is the meaning of the word **fu1crum?** 

a< Support pivot c< Lever broken point 

b< Lever binding point d< Lever pivot point support 
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4^* What Is the result of a small qear rlrlvinq a 1arqe gear? 



a, ^DPeA rlMrrease anri torque Increase 

h, %wpfi rlf^rpasp anrl torque rlecrpasp 

c* SDee<t Increase anrl torque Increase 

Soeerl increase anrl torque decrease 

44, What vphlde unit Is most likely to contain worn qearlnq^ 

a* Transfer housinq r* Transmission housinq 

Steerinq qear housinq rl, SIlD loint housinq 

4S* What H a result In a planptarv qear svstem when the Dianet Dinlon caqe Is held and 
the sun qear Is turne<1^ 

a* SpMrl Increase c* Soeeil fluxuatlon 

h, Soee<t rlecrease d* Speed stavs the same* 

46* What are automotive DOwer train hearlnqs used for? 

a* Support movinq housinqs c* Support movinq parts 

h, fliipoort stationary parts d* Support dutch parts 

47* Which Is NOT a qeneral type of ball hearinq? 

a* Radial c* Thrust 

h, Anqular d* Washer 

48* Wh.^t Is the purpose of slnq1e-row^ radial ba11 bearlnqs. 

a. To provide a stoppinq point 

h. To provlrle resistance to radial loads 
To provide a rouqh surface for loads 
d* To provide resistance to no loads 

4q, What is thp purpose frr selectinq the proper qrade of lubricant for bearlnqs In an 
automotive power transmission unit? 

a* To control the ooeratinq temperature 

b. To control the oPerator*s spe*d 

c# To control the reverse operation function 
d* To control the operatinq function 

SO* What Is the function of the transmission case? 

a* To house the qears and shafts 

b. To reverse the qears and shafts 

To drive the qears and shafts 

d* To divert the qears and shafts 

sU What is the purpose of the control cover^ 

a* To replace the shifter mecbanlvn 

b* To reverse the shifter mechanism 

r* To bouse the lifter mechanism 

d* To r«ttiove the shifter mechanism 

S?* What Is rotatinq with the main drive qear and the Input shaft? 

a* Flywheel c* Reverse Idler qear 

h. Third-speed qear d* Clutch driven plate 

s:i* What Is in constant mesh with the main drive qear? 

a* Counter ^aft drive bearlnqs c* Idler shaft bearlrqs 

h* Counter shaft drive qear d* First-speed qear 
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54, What action 1$ allowed by the transmission main sha^t bearing held In line with the 
Input shaft by a pilot bearing at its front end? 

a« The main shaft rotates at twice the speed* 

b< The main shaft rotates or comes to rest In a reverse direction* 

c< The main shaft rotates twice as slow as the Input shaft* 

d. The main shaft rotates or comes to rest Independently of the Input shaft* 

SB* What Is the simplest tvpe of power- takeoff? 

a< Sinqle speedy single gear c< Single gear^ double speed 

b. Single reverse^ single gear d. Double gear^ single speed 

56< If a vehicle Is to remain stationary while a transfer-mounted power** takeoff Is to be 
usedt what gear should the transfer be shifted Into? 

a< High range c< Low range 

b. Reverse d. Neutral 

57, Which Is NOT an Inspection or repair on the transmission? 

a< Check gear oil* c< Replace transmission* 

b. Replace breather valve, d. Refill gear oil. 



58, The purpose of the transfer assoiribly Is to enable the to be 

to both forward and rear propeller shafts* 



a< wheel St stopped c« transmission^ braked 

b, power^ divided d, gears* reversed 

59< Which Is NOT a normal characteristic of a transfer assembly? 

a< Provides a means of lowering the power train 

b< Permltf the forward propeller shaft to clear the engine crankcase 

c< It allows drive to the front wheels only* 

d< It Is essentially a two-speed transmission, 

60« Where is the sprag unit located In the transfer? 

a< Front Input shaft c. Front output shaft 

b. Rear output shaft d. Rear Input shaft 

6U What Is the action of the sprag unit similar to? 

a< Overrunning clutch c. Universal 

b, Ajtle differential d. Transmission 

62< What haw>ens when a double-sprag unit Is shifted Into reverse? 

a< Front wheels stop when rear wheels reverse traction* 

b. Front wheels drive when rear wheels lose traction* 

c. Front wheels reverse when rear Wheels lose traction* 

d. Front wheels slip when rear wheels gain traction* 

63* What gear must the transmission be shifted Into when a vehicle using a sprag unit Is 
pushed backwards? 

a. First c. Reverse 

b. Second d. Third 

64, What limitations of maintenance are put on the servicing and repairs of the transfer? 

a< Checking and refill of lubricant and Inspecting and repairs of air lines 

b< Checking of all gear's of the transfer and replacement of gears 

c< Rebuilding of the transfer case 

d< Replacement of the transfer case 
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What Is the purpose of connectinq unlver^sal Joints to a propeller shaft? 

a. To transit powr In a stralqht line 

h^ To transmit juvitt^ to the transmission 

c. To transmit pomr at anqles 

ri. To transmit twwer to the hrakes 

What unit consists of two yokes and one lournal? 

a< Conventional universal lolnt 
Conventional trunnion joint 
c. Conventional halUand-socket .lolnt 
ri. Conventional slip Joint 

fi7< What Is the speod fluctuation of a propeller shaft operatinq at a 30^ anq1e to a 
universal lolnt? 

a, ?st c, 3S« 

fA. What should vou do to compensate for speed fluctuations? 

a. Attach the yokes In series* 
b< Attach the vokes In parallel* 

c< Attach the vokes In the same diameter* 
ri. Attach the yokes In the same Plane* 

What constant*ve1ocltv , lolnt does not use balls? 

a< Rendlx^Welss c< Tracta 

h. Constant velocity d< Conventional 

70* What lolnt makes use of a caqe to control the ball movement? 

a< Benrilx Weiss c< Constant velocity 

b, Tracta ri< Rzeppa 

7L If a driven shaft of a constant velocity lolnt moves throuqh an anq1e of 20 rieqrees« 
what Is the plane of rirlvinq enqaqement rieqree? 

a, St c< 1st 

h. 10% (t. ?0% 

77. What Is the device that transmits Power throuqh an anq1e by means of a universal 
lolnt and carries that f>ower to the power train? 

a< Propeller shaft c< Transmission 

h. Transfer case d< Universal Joint 

73< Where Is the point of torsional stress the qreatest In a drive shaft? 

a. Front end c. Rear end 

b. Outside d. Inside 

74< Why are slip Joints used on propeller shafts? 

a< They allow for forward side sway* 

b. They allow the amount of anqle to chanqe* 

c, Thev allow for ^uooort of the universal Joints, 
ri« Tbev allow for telescopic action* 

7S, What serylclnq and repairs are re^Jlred on universal Joints* Propeller shafts and 
slip lolnts? 

a. No repairs required, c« Replacement only 

b< Lubrication and replacement ri< Lubrication only 
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What Is the purpose of the final drive? 

a« To change the direction of the power flow 

b. To chartqe the rllrectlort of the enqirte 

c. To chanqe the direction of the flywheel 

d. To change the direction of the operator 

What Is the qear ratio. If a worn has 6 threads and the worm qear has 2S teeth? 

a< 3:2 c< 4:2 

b, 4:1 d, 4:3 

What tvpe of final di^lve Is designed to lower the center of the drive gear? 

a< Sour-bevel gear c< SDlra1-beve1 gear 

b. Worm gear d, Hypold gear 

What Is the purpose of the conventional differential? 

a< To pernilt a diffidence In vehicle speeds when a vehicle stops 

b. To permit a difference In wheel speeds when a vehicle turns a corner 

c< To permit a reduction of speeds when a vehicle turns 

d. To permit an acceleration of both tires when a v^lcle turns 

What unit Is riveted to the final drive gear? 

a. Universal ,1o1nt c. Differential case 

b. Differential pinion gear d. Differential spider gear 

When one wheel loses traction completely on a vehicle using a high-traction 
differential, where would the torque be delivered? 

a. The traction would be lost* c. To the wheel with the traction 

b. To the wheel with no traction d. To the front wheeU 

Which wheel Is the driving torque applied to when the left wheel turns faster than 
the right wheel on an axle using a No-spin differential? 

a. The left wheel c< To both wheels 

b. The right wheel d. To none of the wheels 

What Is the advantage gained by the use of a No^spln differential? 

a< The torque Is delivered to the wheel with no traction* 

b< The torque Is delivered to both wheels* 

c< The torque Is eliminated to the wheel «r1th the most traction* 

d. The torque Is delivered to the ^neel with the most traction* 

What does the term "live aile" mean? 

a< The wheels are driven by the operator In reverse* 

b. The wheels are not driven, but they help carry the vehicle weight* 

c< The wheels are not driven by the aile bearings* 

d< The wheels are driven by the axle shaft* 

What type of axle shaft Is bolted to the wheel hub through the axle flange? 

a< Semi-floating c< Live 

b. Dead d. Full -floating 

Which axle shaft can be removed without removing the wheel? 

a< Semi-floating c. Full-floating 

b. Dead axle d< Live axle 

What Is the spiral-bevel drive pinion connected to the prooeller shaft by? 

a< Axle shaft c< Companion flange 

b< Universal .loint d. Companion shaft 
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88» What rto h^old qears require because of their design anrl operation? 

a» A special lubricant c, A specially trained operator 

h, A special water coolant d* A sprxlal transmission 

8<)< What tvpe of axle Is referred to If a driver can select either of t^o axle ratios by 
manual a>ntro17 

a< Two reverse reduction axle c< two*speed operator 

b< two*speed vehicle d, Two*speed axle 

90, What are axle assemblies of a boqie suspension Joined by? 

a, A sMp Joint A single axle 

b, A trunnion axle d. An Intermediate axle 

91, Which tvpe of Joint Is used in a live front axle? 

a« Roqie Joint c, Constant*ve1oc1ty Joint 

b, Tracta Joint d« Combination velocity Joint 

92< How is excessive tire wear eliminated on dual wheels? 

a. By use of no differential 

b. By use of limited differentials 

c< By use of interwbeel differentials 
d. By use of 'tnlversal differentials 

93< The power divider dri/es the axle bevel pinions by means of a driving cage by using 
what? 

a. Radial wedges c. Differentials 

b. Universal joints d< Radial thrust bearings 



Total Points: 93 
* * * 
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